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(54) High strenght heat resisting cast steel, steam turbine casing, steam turbine power plant and 
steam turbine 



(57) A steam turbine has main components such as 
rotor shaft exposed to high temperature and intermedi- 
ate pressure, which are made of a fenitic steel and the 
main steam temperature and the re-heat steam temper- 
ature are 610 ^'C to 660 °C. and a steam turbine power 
plant employs the turbine. Further, the rotating blades 
are made of only a martensitic steel or a combination of 
the martensitic steel and a Ni base alloy, the turbine 
rotor is made of a ferritic forged steel having a creep 
rupture strength at the operating temperature for ICQ 
thousands hours of above 1 5 kg/mm^, and the casing is 
made of a ferritic cast steel having a creep rupture 
strength at the operating temperature for 1 00 thousands 
hours of above 10 kg/mm^. The ferritic cast steel of the 
casing contains, in weight percentages, C of 0.06 to 
0.16 %, Si of not more tiian 1 %. I\^n of not more than 1 
%. Cr of 8 to 1 2 %. Ni of 0. 1 to 1 .0 %, V of 0.05 to 0.3 %. 
Nb of 0.01 toO.15%. Not 0.01 to 0.1 %. Moot not more 
than 1 .5 %. W off 1 to 3 %. B of 0.0005 to 0.003 %. O of 
not more than 0.015 % and the remainder of Fe and 
inevitable impurities. Its method of manufacturing fea- 
tures normalizing at 1000 to 1 lOO^C. rapid cooling and 
tempering twice at 550 to 750*'C and at 670 to 770'C. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a novel heat resisting cast steel, a steam turbine casing and a manufacturing 
method thereof, a steam turbine power plant and a steam turtjine, and more particularly relates to a heat resisting cast 
steel which has a high creep rupture strength at a temperature above 621 and a good weldability. and is suitable for 
high pressure and intermediate pressure inner casings, a main steam stop valve and a control valve of an ultra-super 
critical steam tuibine which is operated under a main steam condition of temperature of 621 **C and pressure of 250 

io kgf/cm^, and also relates to a steam turbine casing, a steam turbine power plant and a steam turbine in which the heat 
resisting steel is used. 

A conventional steam turbine is operated under a condition of maximum steam temperature of 566 °C and maxi- 
mum steam pressure of 246 kgf/cm^. A material used for the casing is 1Cr-1Mo-1/4V low carbon alloy cast steel or 
1 1 Cr-1 Mo-V-Nb-N cast steel. 

15 From the standpoint of exhaustion of fossil fuel such as petroleum, coal and so on and energy saving, it is required 
to improve the efficiency of a thermal power plant. Most effective means for increasing the thermal efficiency is to 
Increase steam temperature of a steam turbine. Strength of the conventional casing materials is insufficient for the high 
efficient turbine material, and a material having a higher strength is required. 

However, the above conventional materials are insufficient in high temperature strength to use for a high tenrpera- 
20 ture steam turbine casing operated at a steam temperature of above 621 *C. A casing made of 9%Cr steel is disclosed 
in Japanese Patent Application Laid-Open No. 7-1 18812. but it shows deviation In high tenperature strength. 

The conventional steam turbine is operated under a condition of maximum steam tenperature of 566 *C and max- 
inrwm steam pressure of 246 kgf/cm^. 

However, from the standpoint of exhaustion of fossil fuel such as petroleum, coal and so on, energy saving and pre- 
ss vention of environmental pollution, it is required to improve the efficiency of a thermal power plant. Most effective means 
for increasing the thermal efficiency is to increase steam temperature of a steam turbine. It is known that rotor material 
used for a high efficiency turbine is 1Cr-1Mo-1/4V ferritic low carbon alloy forged steel or 11 Cr-1 Mo-V-Nb-N forged 
steel, and casing material used for the high efficiency turbine is 1Cr-1Mo-1/4V ferritic low carbon alloy cast steel or 
1 1 Cr-1 Mo-V-Nb-N cast steel. Especially, as for the materials, materials having a higher high tenperature strength are 
30 austenitic alloys disclosed in Japanese Patent Application l^id-Open No.62-1 80044 and in Japanese Patent Applica- 
tion l3id-0pen No.61 -23749, and martensitic steels disclosed in Japanese Patent Application LaW-Open No.4-147948, 
Japanese Patent Application Laid-Open No.2-290950 and Japanese Patent Application Laid-Open Na4-371551. 

As for a material having a high temperature strength higher than that of the above conventional casing materials, 
an austenitic cast steel is known, the austenitic cast steel has been developed by the inventors of the present invention 
35 and is disclosed in Japanese Patent Applicatron Uid-Open No.61 -23749. Although the alloy is excellent in high temper- 
ature creep rupture strength, there are problems that its cost is high and a large thermal stress occurs at starting-up 
and stopping of the turbine due to a large thermal expansion coefficient. 

Although the aforementioned Japanese Patent Application Laid-Opens disclose the rotor materials and casing 
materials, any attention is not paid to the steam turbine nor to the thermal power plant under a high temperature as 
40 desCTibed above. 

Further, an ultra-super high temperature and high pressure steam turbine is disclosed in Japanese Patent Applica- 
tion Laid-Open No.62-248806, but any attention Is not paid to the thenrol power plant at all. 

SUMMARY OF THE INVENTION 

45 

An object of the present invention is to provide a ferritic heat resisting cast steel turbine casing and a manufacturing 
method of which the thermal expansion coefficient is equivalent to that of the conventfonally used material, the creep 
rupture strength above 621 °C is high and the weldability is good. 

Another object of the present invention is to provide a steam tuitine having a high thermal efficiency attained by a 
so high steam temperature of 610 to 660 'C by employing the fen-itic heat resisting steel and a steam turbine power plant 
using the steam turbine. 

A Further object of the present invention is to provide steam turbines having nearly the same basic structure at 
respective operating temperatures from 610 to 660**C and a steam turbine power plant using the steam turbine. 

In order to attain the above object, a heat resisting cast steel turbine casing in accordance with the present inven- 
55 tion is characterized by being made of a heat resisting cast steel which contains C of 0.06 to 0. 1 6 %. Si of not more than 
1 %. Mn of not more than 1 %. Cr of 8 to 12 %, Ni of 0.1 to 1.0 %. V of 0.05 to 0.3 %, Nb of 0.01 to 0.15 %. N of 0.01 
to 0.1 %. Mo of not more than 1 .5 %, W of 1 to 3 %. B of 0.0005 to 0.003 % and O of not more than 0.01 5 % in weight 
percentages and the remainder of Fe and inevitable impurities. Further, it is preferable that a content ratio of Ni/W in the 
heat resisting cast steel is 0.25 to 0.75. 
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Another heat resisting cast steel tuibine casing in accordance with the present invention is characterized by being 
made of a heat resisting cast steel which contains C of 0.09 to 0.14 %. Si of not more than 0.3 %. Mn of 0.40 to 0.70 
%. Cr of 8 to 10 %. Ni of 0.4 to 0.7 %. V of 0.15 to 0.25 %. Nb of 0.04 to 0.08 %. N of 0.02 to 0.06 %, Mo of 0.40 to 0.80 
%, W of 1 .4 to 1 .9 %. B of 0.001 to 0.0025 %. O Of not more than 0.015 % in weight percentages and the remainder of 
5 Fe and inevitable Impurities. 

It is preferatrfe to add at least one kind of Ta of not more than 0.15 % and Zr of not more than 0.1 % to each of the 
above heat resisting cast steels for the turbine casing In accordance with the present invention. Further, It is preferable 
that Cr equivalent calculated by the following equation is 4 to 10. 

10 Cr equivalent=Cr+6Si44Mo+1 .5W+1 1 V+5Nb-40C-30N-30B •2Mn-4Ni-2Co. (1) 

Furthermore, rt is preferable that each of the above heat resisting cast steels for the turbine casing In accordance 
with the present invention has a creep rupture strength under 625 *'C for 1 0^ hours of not less than 9 kgf/mm^. an impact 
absorbing energy at room temperature of not less than 1 kgf-m and good weldability. Still further, in order to secure 

IS higher reliability it is preferable that the creep rupture strength under 625 ''C for 10^ hours is not less than 10 kgfAnm? 
and the impact absorbing energy at room temperature is not less than 2 kgf-m. 

A method of manufacturing a heat resisting cast steel for a turbine casing is characterized by that the method com- 
prises the steps of melting a raw alloy material having the composition among each of the above heat resisting cast 
steel using an electric furnace, degassing by ladle relining, and casting a sand mokj. The method conprises the steps 

20 of annealing the cast body at 1000 to 1150 °C after completion of the casting, performing normalizing treatment by 
heating at 1000 to 1 100 *'C and rapidly cooling, and then tempering twice at a temperature 550 to 750 and at a tem- 
perature 670 to 770 **C. 

A steam turbine power plant according to the present Invention is characterized by that the steam turbine power 
plant having a high pressure turbine and an intermediate pressure turbine connected to two low pressure steam tur- 

25 bines connected to each other in tandem, wherein inlet steam temperature to the rotating blades in the first stages of 
the high pressure steam turbine and the intermediate pressure steam turbine is 610 to 660 ''C (preferably 615 to 640 
**C, and more preferal)ly 620 to 630 ^'C); inlet steam temperature to the rotating blades in the first stage of the low pres- 
sure steam turbine being 380 to 475 '^C (preferal)ly 400 to 430 *C); metal temperature of a portion of the rotor shaft 
inplanting first stage rotating blades and the first stage rotating blades of the high pressure steam turbine being main- 

30 tained so as to become lower than a temperature of 40 below the inlet steam temperature to the first stage rotating 
blades of the high pressure steam turbine: metal temperature of a portion of tiie rotor shaft implanting first stage rotating 
blades and the first stage rotating blades of the intermediate pressure steam turbine being maintained so as to not 
become lower than a temperature of 75 ""C below the inlet steam temperature to the first stage rotating blades of tiie 
intermediate pressure steam turbine; the rotor shafts and the rotating blades of the high pressure steam turbine and the 

35 intermediate pressure steam turbine being made of a martensitic steel containing Cr of 9.5 to 13 weight %, otherwise 
the rotating blades in at least in the first stage of the high pressure steam turbine and the intermediate pressure steam 
turbine being made of a combination of a Ni base alloy and the martensitic steel; the inner casing being made of a mar- 
tensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strength at a temperature corresponding 
to the steam temperature for 10^ hours of not less than 9 kg/mm^ and an impact value at room temperature of not less 

40 than 3.2 kg-m. 

A steam turbine according to tiie present invention is characterized by that the steam turbine has a rotor shaft, 
rotating blades implanted onto the rotor shaft, fixed blades for guiding steam fbw to the rotating blades and an inner 
casing supporting the fixed blades, the steam flowing to the first stage of the rotating blades having a temperature of 
610 to 660 ""C and a pressure of not lower than 250 kg/cm^ (preferably 246 to 316 kg/cm^) or 170 to 200 kg/cm^. 

45 wherein the rotor shafts, the rotating blades and fixed blades at least in the first stages are made of a high strength mar- 
tensitic steel having martensitic sti'ucture containing Cr of 9.5 to 13 weight % (preferably 10.5 to 11.5 %), tiie high 
strength martensitic steel having a creep rupture strength at a temperature corresponding to the steam temperature 
(preferably 610 '^C. 625 'C. 640 ^C, 650 °C, 660 °C) for 10^ hours of not less than 15 kg/mm^ (preferably not less than 
1 7 kg/mm^), otherwise the rotating blades being made of a combination of the martensitic steel and a Ni base alloy hav- 

50 ing a tensile strength at room temperature being not less than 90 kg/mm^; the inner casing being made of a martensitic 
steel containing Cr of 8 to 9.5 weight % having a weep rupture strengtti at a temperature corresponding to tiie steam 
temperature for 1 0^ hours of not less tiian 9 kg/mm^, preferably 1 0 kg/mm^ (more preferably not less than 10.5 kg/mm^) 
and an impact value at room temperature of not less than 3.2 kg-m. 

Furtiier. a steam turbine according to the present invention is characterized by that the stem turbine has a rotor 

55 shaft, rotating blades implanted onto said rotor shaft, fixed blades for guiding steam flow to the rotating blades and an 
inner casing supporting said fixed blades, wherein tiie rotor shaft and the fixed blades at least in tiie first stage are made 
of a high strengtti martensitic steel containing C of 0.05 to 0.20 %, Si of not more than 0.15%, Mn of 0.05 to 1 .5 %, Cr 
of 9.5 to 13 %. Ni of 0.05 to 1 .0 %, V of 0.05 to 0.35 %. Nb of 0.01 to 0.20 %. N of 0.01 to 0.06 %. Mo of 0.05 to 0.5 %, 
W of 1 .0 to 4.0 %. Co of 2 to 10 %. B of 0.0005 to 0.03 %. and having Fe of not less than 78 % in weight percentages; 
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the inner casing being made of a high strength martensltic steel containing C of 0.06 to 0.16 %, Si of not more than 0.5 
%. Mn of not more than 1 %, Nl of 0.2 to 1 .0 %, Cr of 8 to 12 %, V of 0.05 to 0.35 %, Nb of 0.01 to 0.15 %, N of 0.01 to 
0.8 %. Mo of not more than 1 .0 %. W of 1 to 4 %. B of 0.0005 to 0.003 %. O of not more than 0.015 %. and having Fe 
of not less than 85 % in weight percentages. 

s At least the rotating blades in the first stage is preferably made of a Ni base alley contairtng C of 0.03 to 0.20 %, Si 
of not more than 0.3 %, Mn of not more than 0.2 %, Cr of 1 2 to 20 %. Mo of 9 to 20 %. Al of 0.5 to 1 .5 %, Ti of 2 to 3 
%. Fe of not more than 5 %, B of 0.003 to 0.015 % in weight percentage. It may be possible to further contain Co of not 
more than 12%. 

Further, a high pressure steam turbine according to the present invention is characterized by that the high pressure 
10 steam turbine having a rotor shaft rotating blades implanted onto the rotor shaft, fixed blades for gurdng steam flow to 
the rotating blades and an inner casing supporting the fixed blades, wherein the first stage of the rotating blades is of a 
double flow construction and more than ten stages of the rotating blades are provided, the rotor shaft having a distance 
(L) between bearing centers of not less than 5000 mm (preferably 5200 mm to 5500 mm) and a minimum diameter (D) 
at portions having the fixed blades of not less than 600 mm ( preferably 620 to 700 mm), the ratio (L/D) being 8.0 to 9.0 

IS (preferably 8.3 to 8.7). the rotating blades and said rotor shaft being made of a high strength martensitic steel containing 
Cr of 9 to 1 3 weight %; the inner casing being the same as described above. 

Furthermore, an intermediate pressure steam turbine according to the present invention is characterized by that 
the intermediate pressure steam turbine having a rotor shaft, rotating blades implanted onto the rotor shaft, fixed blades 
for guiding steam flow to the rotating blades and an inner casing supporting the fixed blades, wherein more than six 

20 stages of the rotating blades are symmetrically provided in right hand side and left hand side and the first stages of the 
rotating blades are implanted in the middle portion of the rotor shaft to form a double flow construction, the rotor shaft 
having a distance (L) between bearing centers of not less than 5200 mm (preferably 5300 to 5800 mm) and a minimum 
diameter (D) at portions having the fixed blades of not less than 620 mm (preferably 620 to 680 mm), the ratio (L/D) 
being 8.2 to 9.2 (preferably 8.5 to 9.0), the rotating blades being made of a high strength martensitic steel containing 

25 Cr of 9 to 13 weight %. the inner casing being the same as described above. 

Further, a low pressure steam turbine according to the present invention is characterized by that the low pressure 
steam turbine has a rotor shaft, rotating blades implanted onto the rotor shaft, fixed blades for guiding steam flow to the 
rotating blades and an inner casing supporting said fixed blades, wherein the low pressure steam turbine has more than 
eight stages of ttie rotating blades symmetrically in right hand side and left hand side, the first stages of the rotating 

30 blades being implanted in the middle portion of said rotor shaft to form a double flow construction, the rotor shaft having 
a distance (L) between bearing centers of not less than 7200 mm (preferably 7400 to 7600 mm) and a minimum diam- 
eter (D) at portions having the fixed blades of not less than 1 150 mm (preferably 1200 to 1350 mm), said (L/D) being 
5.4 to 6.3 preferably 5.7 to 6.1), the rotor shaft being made of a Ni-Cr-Mo-V low alloy steel containing Ni of 3.25 to 4.25 
weight %, the rotating blades in the last stage having a length of not shorter tiian 40 inches and made of a Tl base alloy 

35 Further, a steam turbine power plant according to the present invention is characterized by tiiat the steam turbine 
power plant having a high pressure turljine and an intermediate pressure turbine connected to two low pressure steam 
turijines connected to each other In tandem, wherein inlet steam temperature to the rotating blades in the first stages 
of the high pressure steam turbine and ttie intermediate pressure steam turbine is 61 0 to 660 **C: inlet steam tempera- 
ture to the rotating blades in the first stage of the low pressure steam turbine being 380 to 475 **C; metal temperature 

40 of a portion of tfie rotor shaft implanting first stage rotating blades and the first stage rotating blades of the high pressure 
steam turbine being maintained so as to not become lower than a temperature of 40 'C below tiie inlet steam terrper- 
ature to the first stage rotating blades of the high pressure steam turbine (preferably, maintained at a tenrperature being 
lower than tiie steam temperature by 20 to 35 ^C): metal temperature of a portion of the rotor shaft implanting first stage 
rotating blades and the first stage rotating blades of tiie intermediate pressure steam turbine being maintained so as to 

45 not become lower than a temperature of 75 ''C below ttie inlet steam temperature to tiie first stage rotating blades of the 
intermediate pressure steam turbine (preferably, maintained at a temperature being lower than the steam tenperature 
by 50 to 70 •C); tiie rotor shafts and tfie rotating blades of the high pressure steam turbine and tiie intermediate pres- 
sure steam turbine being made of a martensitic steel containing Cr of 9.5 to 1 3 weight %. othenwise ttie rotating blades 
in at least in the first stage of the high pressure steam turbine and the intermediate pressure steam turbine being made 

50 of a combination of a Ni base alloy and the martensitic steel; the inner casing being made of a martensitic cast steel 
containing Cr of 8 to 12 weight % and having a aeep rupture strength at a tenrperature con-esponding to tfie steam tem- 
peratore for 10^ hours of not less than 9 kg/imm^ and an Impact value at room terrperature of not less tiian 3.2 kg-m. 

Furtiier. a coal fired thermal power plant according to ttie present invention is characterized by ttiat ttie coal fired 
thermal power plant has a coal fired boiler, a steam turtwne driven by ttie steam obtained by the boiler, a single or two 

55 electric power generators having an output power not less tfian 1 000 MW by a single or two units driven by ttie steam 
turbine, preferably by two units, wherein ttie steam turbine has a high pressure steam turbine, an intermediate pressure 
steam torbine and two low pressure steam turbines connected to the high pressure steam turbine; inlet steam terrper- 
ature to ttie rotating blades in the first stages of tiie high pressure steam turt^ine and tiie intermediate pressure steam 
turbine is 610 to 660 "'C; inlet steam temperature to ttie rotating blades in ttie first stage of tfie low pressure steam tur- 
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bines being 380 to 475 ''C; steam heated to a tenperature higher than the inlet steam temperature to the first stage 
rotating blades of the high pressure steam turbine by 3 ''C (preferably 3 to 10 ''C, more preferably 3 to 7 **C) using a 
super-heater of the boiler being allowed to flow into the first stage rotating blades of the high pressure steam turbine; 
inlet steam temperature heated to a temperature higher than the inlet steam temperature to the first stage rotating 

5 blades of the Intermediate pressure steam turbine by 2 ""C (preferably 2 to 10 ''C, more preferably 2 to 5 *C) by heating 
the steam flow out from the high pressure steam turbine using a re-heater of the boiler being allowed to flow Into the 
first stage rotating blades of the intermediate pressure steam turbine; inlet steam tenperature heated to a temperature 
higher than the inlet steam temperature to the first stage rotating blades of the tow pressure steam turbine by 3 *'C (pref- 
erably 3 to 1 0 "C. more preferably 3 to 6 ^'C) by heating the steam flow out from the Intermediate pressure steam turbine 

w using a economizer of the boiler being allowed to flow into the first stage rotating blades of the low pressure steam tur- 
bine: the rotor shafts and the rotating blades of the high pressure steam turbine and the Intermediate pressure steam 
turbine being made of a martensitic steel containing Cr of 9.5 to 13 weight %, othenmse tiie rotating blades in at least 
in the first stage of the high pressure steam turbine and the intermediate pressure steam turbine being made of a com- 
bination of a Ni base alloy and the martensitic steel containing Cr of 9.5 to 13 weight %; the inner casing being made 

15 of a martensitic cast steel containing Cr of 8 to 1 2 weight % and having a aeep rupture strength at a temperature cor- 
responding to tiie steam temperature for 10^ hours of not less than 9 kg^mm^ and an impact value at room temperature 
of not less than 3.2 kg-m. 

Further, in the low pressure steam turbine according to the present invention described above, inlet temperature of 
the steam to tiie rotating blades in the first stage being 380 to 475 ""C (preferably 400 to 450 ''C), the rotor shaft being 
20 made of a low alloy steel containing C of 0.2 to 0.3 %, Si of not more than 0.05 %. Mn of not more than 0. 1 %. Ni of 3.25 
to 4.25 %. Cr of 1 .25 to 2.25 %. Mo Of 0.07 to 0.20 %. V of 0.07 to 0.2 %. and Fe of not less than 92.5 % in weight per- 
centages. 

Further, in the high pressure steam turbine according to the present invention described above, the rotating blades 
are composed of more than seven stages (preferably 9 yo 12 stages) and the blade lengths are from 35 mm in the 
25 upstream side to 210 mm in the downstream side; a diameter of the rotor shaft in a portion implanting tiie rotating blade 
being larger than a diameter in a portion corresponding to the fixing blades; a widtfi in the shaft direction of the implant- 
ing portion increasing stepwise from tiie upstream side to tiie downstream side by more than tree steps (preferably 4 to 
7 steps); ratio of the widtii to the blade length decreasing from the upstream side to the downsti^eam skJe by 0.6 to 1 .0 
(preferably 0.65 to 0.95). 

30 Furtiier, in the high pressure steam turt>ine according to the present invention described above, the rotating blades 
are composed of more than seven stages and ttie blade lengths are from 35 mm in the upsti-eam side to 210 mm in the 
downstream side; ratio of the blade length in a stage to tiie blade length in the adjacent stage being less than 1 .2 (pref- 
erably 1 . 1 0 to 1 . 1 5) ; the ratio gradually increasing as the stage approaches to the downstream side; the blade length in 
the downstream side being larger than that in the upsti-eam side. 

35 Furtiier, in the high pressure steam turbine according to the present invention described above, the rotating blades 
are composed of more than seven stages and tiie blade lengtiis are from 35 mm in the upsti'eam side to 21 0 mm in the 
downstream side; a widtii in the shaft direction of the rotor shaft in a portion corresponding to the fixed blade decreasing 
from the downstream side to the upstream side stepwise by more than two steps (preferably 2 to 4 steps); ratio of a 
blade length of the rotating blade in a stage to a blade length of the acijacent stage in the downsti-eam side being in a 

40 range of 0.65 to 1 .8 (preferably 0.7 to 1 .7), the ratio deaeasing stepwise as the stage approaches to the downstream 
side. 

In the Intermediate pressure steam turbine according to the present invention described above, more than six 
stages (preferably 6 to 9 stages) of the rotating blades are symmetrically provided in right hand side and left hand side 
to form a double flow consti-uction. blade lengths of the rotating blades are 100 mm in tiie upsti'eam side to 300 mm in 
45 the down stream side; a diameter of the rotor shaft in a portion implanting the rotating blade being larger than a diam- 
eter in a portion corresponding to the fixing blades: a widtii in tiie shaft direction of the implanting portion increasing 
stepwise from the upsti'eam side to the downsti'eam side by more than two steps (preferably 3 to 6 steps); ratio of tiie 
widtfi to tiie blade length decreasing from the upsti'eam side to the downstream side by 0.45 to 0.75 (preferably 0.5 to 
0.7), 

50 Further, in the intermediate pressure steam turbine according to the present invention desaibed above, more than 
six stages of tiie rotating blades are symmeti-ically provided in right hand side and left hand side to form a double flow 
construction, blade lengths of tiie rotating blades are 100 mm in the upsti'eam side to 300 mm in tiie down sti^eam side; 
ratio of tiie blade length in a stage to the blade length in the adjacent stage being less than 1 .3 (preferably 1 .1 to 1 .2). 
Further, in the intermediate pressure steam turbine according to the present invention described above, more than 

55 six Stages of tiie rotating blades are symmeti-ically provided in right hand side and left hand side to form a double flow 
construction, blade lengths of tiie rotating blades are 100 mm in the upsti^eam side to 300 mm in tiie down sta-eam side; 
a wkith in the shaft direction of tiie rotor shaft in a portion caresponding to the fixed blade decreasing from tiie down- 
sti'eam side to the upstream side stepwise by more than two steps (preferably 3 to 6 steps); ratio of a blade lengtii of 
the rotating blade in a stage to a blade length of the adjacent stage in the downstream side being in a range of 0.45 to 
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1 .60 (preferably 0.5 to 1 .5). 

Further, in the rotating blades having more than eight stages (preferably 8 to 10 stages) symmetrically in right hand 
side and left hand side to form a double flow construction, blade lengths of the rotating blades increasing from 90 mm 
in the upstream side of the steam flow to 1300 mm in the down stream side; a diameter of the rotor shaft in a portion 
implanting the rotating blade being larger than a diameter in a portion corresponding to the fixing blades: a width in the 
shaft direction of the implanting portion increasing stepwise from the upstream side to the downstream side by more 
than tree steps (preferably 4 to 7 steps); ratio of tiie width to the blade length decreasing from the upstream side to the 
downstream side by 0.15 to 1.0 (preferably 0.15 to 0.91). 

Further, in the low pressure steam turbine according to the present invention described above, the rotating blades 
have more ttian eight stages symmefrically In right hand side and left hand side to form a double flow construction, 
blade lengths of the rotating blades increasing from 90 mm In the upstream side of the steam flow to 1300 mm in the 
down stream side; the Wade lengtii in a stage in the downstream side being larger than that in the adjacent stage in the 
upstream side; the ratio of the blade length in a stage to the blade length in the adjacent stage being in the range of 1 .2 
to 1 .7 (preferably 1 .3 to 1 .6); tiie ratio gradually increasing as the stage approaches to tiie downstream side. 

Further, in the low pressure steam turbine according to the present invention described above, the rotating blades 
have more than eight stages symmetrically in right hand side and left hand side to form a double flow construction, 
blade lengttis of the rotating blades increasing from 90 mm in the upstream side of tiie steam flow to 1300 mm in the 
down sti-eam side; a width in the shaft direction of tiie rotor shaft in a portion corresponding to tiie fixed blade decreas- 
ing from the downstream side to ti^e upstream side stepwise by more than tree steps (preferably 4 to 7 steps); ratio of 
a blade lengtii of tiie rotating blade in a stage to a blade length of the adjacent stage in the downstream side being in a 
range of 0.2 to 1 .4 (preferably 0.25 to 1 .25). the ratio decreasing stepwise as the stage approaches to the downstream 
side. 

A high pressure steam turbine according to tiie present invention is characterized by that the high pressure steam 
turbine has a rotor shaft, rotating blades implanted onto the rotor shaft, fixed blades for guiding steam flow to the rotat- 
ing blades and an inner casing supporting tiie fixed blades, wherein the rotating blades are composed of more than 
seven stages; a diameter of the rotor shaft in a portion corresponding to tiie fixing blades being smaller than a diameter 
In a portion implanting tiie rotating blade; a widtti in ttie shaft direction of tiie portion con^esponding to the fixing blades 
increasing stepwise by more tiian two steps (preferably 2 to 4 steps) in the downstream side of the steam flow com- 
pared with a width in the upstream side; a distance between the rotating blades in tiie last stage and the rotating blades 
in the preceding stage being 0. 75 to 0.95 time (preferably 0.8 to 0.9 time, more preferably 0.84 to 0.88) of a distance 
between the rotating blades in the second stage and the rotating blades in the third stage; a width in the shaft direction 
of the implanting portion of the rotor shaft increasing stepwise by more tiian three steps (preferably 4 to 7 steps) in the 
downstream side compared to a width in the upstream side; the widtii in the last stage being 1 to 2 time (preferably 1 .4 
to 1 .7 time) of the widtii in tiie shaft direction in the second stage; tiie rotating blades being made of a martensitic steel 
containing Cr of 9.5 to 13 weight %. ottien^^ise tiie rotating blades in at least in tiie first stage being made of a combi- 
nation of a Ni base alloy and ttie martensitic steel containing Cr of 9.5 to 13 weight %; ttie inner casing being made of 
a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strength at a temperature corre- 
sponding to tiie steam temperature for 10^ hours of not less than 9 kg/mm^ and an inpact value at room temperature 
of not less than 3.2 kg-m. 

An intermediate pressure steam turbine according to the present invention is characterized by tiiat tiie intermediate 
pressure steam turbine has a rotor shaft, rotating blades implanted onto the rotor shaft, fixed blades for guiding steam 
flow to the rotating blades and an inner casing supporting the fixed blades, wherein the rotating blades are conposed 
of more than six stages; a diameter of the rotor shaft in a portion corresponding to the fixing blades being smaller than 
a diameter in a portion implanting the rotating blade; a width in the shaft direction of the portion corresponding to ttie 
fixing blades increasing stepwise by more tiian two steps (preferably 3 to 6 steps) in the downstream side of the steam 
flow compared witti a width in ttie upstream side; a distance between ttie rotating blades in tiie last stage and ttie rotat- 
ing blades in the preceding stage being 0.55 to 0.8 time (preferably 0.6 to 0.7 time) of a distance between tiie rotating 
blades in ttie first stage and the rotating blades in the second stage; a width in tiie shaft direction of ttie implanting por- 
tion of ttie rotor shaft increasing stepwise by more than two steps (preferably 3 to 6 steps) in the downstream side com- 
pared to a width in ttie upsfream side; the width in ttie last stage being 0.8 to 2 time (preferably 1 to 1 .5 time) of ttie widtti 
in the shaft direction in the second stage; ttie rotating blades being made of a martensitic steel containing Cr of 9.5 to 
13 weight %. othen<vise ttie rotating blades In at least in ttie first stage being made of a combination of a Ni base alloy 
and the martensitic steel containing Cr of 9.5 to 13 weight %; the Inner casing being made of a martensitic cast steel 
containing Cr of 8 to 1 2 weight % and having a aeep rupture strengtti at a temperature corresponding to ttie steam tem- 
perature for 10^ hours of not less than 9 kg/mm^ and an impact value at room temperature of not less ttian 3.2 l^-m. 

An low pressure steam turbine according to ttie present invention is characterized by that ttie low pressure steam 
turbine has a rotor shaft, rotating blades implanted onto ttie rotor shaft, fixed blades for guiding steam flow to the rotat- 
ing blades and an inner casing supporting the iixed blades, the rotating blades having more than eight stages symmet- 
rically in right hand side and left hand side to form a double flow construction, a diameter of the rotor shaft in a portion 
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corresponding to the fixing blades being smaller than a diameter in a portion implanting the rotating blade; a width in 
the shaft direction of the portion coaesponding to ttie fixing blades inaeasing stepwise by more than three steps (pref- 
erably 4 to 7 steps) In the downstream side of the steam flow compared with a width in the upstream side; a width 
between tiie rotating blades in the last stage and the rotating blades in the preceding stage being 1 .5 to 2.5 time (pref* 

5 erably 1 .7 to 2.2) of a distance between the rotating blades in ttie first stage and the rotating blades in the second stage; 
a wKlth in the shaft direction of the implanting portion of the rotor shaft increasing st^jwise by more ttian three steps 
(preferably 4 to 7 steps) in the downstream side compared to a width in ttie upstream side; the widtii in the last stage 
being 2 to 3 time (preferably 2.2 to 2.7 time) of the width in tiie shaft direction in tiie second stage. 

The constructions of tiie high pressure, the intermediate pressure and tiie low pressure steam turtsines may be the 

10 same structures for any temperatures of operating steam temperatures of 610 to 660 "C, respectively 

For ttie rotor material according to the present invention, in order to attain a high high-temperature strengtii and a 
high low-temperature toughness and a high fatigue strength, components are preferably so adjusted that the Cr equiv- 
alent calculated by ttie following equation becomes 4 to 8 to obtain a totally annealed martensitic structure. 

For ttie casing material of a heat resisting cast steel according to ttie present invention, in order to attain a high 

IS high-temperature strength and a high low-temperature toughness and a high fatigue strength, it is preferable that com- 
ponents are adjusted so that the Cr equivalent calculated by the following equation becomes 4 to 10 to obtain an above 
95 % annealed martensitic sti'ucture (5 ferrite less than 5%). 

Cr equivalent=Cr46Si+4M(Hl .5W+1 1 V+5Nb-40C-30N-30B -2Mn-4Ni-2Co 

20 

The 12 Cr heat resisting steel according to the present invention, particularly in a case of using in a steam environ- 
ment having a temperature above 621 ''C, it is preferable that tiie creep rupture strength at 625 ''C. 10^ h is not less than 
10 kgf^mm^, and tiie inpact absorption energy at room temperature is not less than 1 kgf-m. 

25 (1) The composite components of the heat resisting cast steel according to ttie present invention are limited as fol- 
lows. 

The element C is necessary to be added atx>ve 0.06 % in order to obtain a high tensile strength. However, 
when the content exceeds 0.16 %, in a case where the material is exposed to a high temperature for a long time 
the metallic structure becomes unstable and accordingly the long time creep rupture strength is decreased. There- 
to fore, the content of C is limited to 0.06 to 0. 1 6 %. Particularly, it is preferable that the content of C is limited to 0.09 
to 0.14%. 

The element N is effective for improving the creep rupture strength and for prevention of forming harmful 
(decreasing toughness and fatigue strength) 5-fenitic structure. However, when the content is lower than 0.01 % 
the effect is Insufficient, and when the content exceeds 0.1 % the toughness is decreased and ttie creep rupture 
35 strength is also decreased. Therefore, it is preferable that the content is 0.02 to 0.06 %. 

The element Mn is an additive as a deoxidizing agent, and the effect is attained by adding a small amount Mn. 
When a large amount of Mn above 1 % is added, ttie creep rupture sti-ength is decreased. Particularly, it is prefer- 
able ttiat the content is 0.4 to 0.7 %. 

Although the element Si is also an additive as a deoxidizing agent, it is not necessary to deoxidize by Si when 
40 a steel manufacturing technology such as vacuum cartxMi deoxidizing mettiod is used. Furtiier. suppressing ttie 
content of Si is effective for prevention of forming harmful 5-ferritic structure. Therefore, it is necessary to suppress 
the content below 1 % if Si is added, and it is preferable that the content is below 0.4 %. and more preferably below 
0.3 %. 

The element V has an effect to increase the creep rupture strengtti. When ttie content is below 0.05 %, the 
45 effect is insufficient, and when tiie content is exceeds 0.3 %. ttie fetigue strength is decreased due to formation of 
d-ferrite. It is preferable ttiat the content is 0. 1 5 to 0.25 %. 

The element Nb is very effective to increase the high temperature sfrength. However, particularly in a large 
ingot, when Nb is excessively added, the strength is decreased on the contrary due to formation of eutectic Nb car- 
bide having large grains or the fatigue sti-engtti is decreased due to deposition of 5-ferrrte. Thaefbre. it is necessary 
50 to suppress ttie content below 0.15 %. On the ottier hand, when the content of Nb is lower ttian 0.01 %. the effect 
is insufficient. In a case of a large ingot it is preferable that tiie content is 0.02 to 0.1 %, and more preferably 0.04 
to 0.08%. 

The element Ni is very effective for increasing toughness and for preventing formation of S-fen-ite. However, 
when the content is lower than 0.1 %. the effect is insufficient, and when ttie content exceeds 1 %. ttie aeep rupture 
55 strength is undesirably decreased. It Is preferable that the content is 0.2 to 0.9 %. and more preferably 0.4 to 0.7 %. 

The element Cr has an effect for improving ttie high temperature strength and ttie high temperature oxidization. 
When ttie content exceeds 12 %, harmful 6-ferritic structure is formed, and when ttie content is below 8 %, ttie 
resistivity to oxidation against high temperature high pressure steam is insufficient. On the other hand, aKhough Cr 
addition has an effect for increasing the creep rupture sti-engtti. excessive addition causes formation of harmful &- 



7 



EP0 767 250 A2 



ferrrtic structure and deaeases the toughness, it is preferable thai the content is 8.0 to 10 %. and more preferably 
8.5 to 9.5%. 

The element W has an effect for extremely increasing the high temperature long term strength. When the con- 
tent of W is below 1 %, the effect is insufficient for a heat resisting steel used under tenperature of 621 to 650 ^'C. 
When the content of W exceeds 3 %, the toughness decreases. It is preferable that the content is 1 .2 to 2.0 %, and 
more preferably 1 .4 to 1 .8 %. 

The element Mo is added for improving the high temperature strength. However, in a case where a steel con- 
tains W of above 1 % as the cast steel according to the present Invention, addition of W above 1 % decreases the 
toughness and the fatigue strength. Therefore, the content is limited below 1 .5 %. Particularly, it is preferable that 
the content is 0.4 to 0.8 %. and more preferably 0.55 to 0.70 %. 

When content of the element O ©cceeds 0.015 %. the high temperature strength and the toughness are 
decreased. Therefore, the content should be 0,015 %. Particularly, It is preferable that the content is lower than 
0.010%. 

One of the important points in the present invention is in adjusting a ratio Ni/W. By adjusting the ratio Ni/W to 
0.25 to 0.75. it is possible to obtain a heat resisting cast steel of casing material having a creep rupture strength of 
above 9 kgf/rnm^ at 625 *C. for 10^ hours and an inpact absorption energy of above 1 kgf-m at 0 which is 
required for a high pressure steam turbine inner casing, an intermediate pressure steam turbine inner casing, a 
main steam stop valve and a control valve for an ultra-high critical pressure steam turbine operated at above 621 
*»C, 250 kgf/cnf. 

Addition of the elements Ta and Zr is effective for increasing the low temperature toughness. The effect can be 
sufficientiy obtained by adding Ta of below 0.15 % or 2r of below 0.1 %. or adding the both together. When Ta is 
added above 0.1 %, adding of Nb may be omitted. 

Since the heat resisting cast steel of casing material according to the present invention is decreased in the high 
temperature creep rupture sti-ength and the low temperature toughness when 6-ferritic structure exists, a uniform 
annealed martensitic structure is preferable. In order to obtain an annealed martensltic structure, the Cr equivalent 
calculated by Equation (1) is set to a value below 10 by adjusting tiie composition. Since the high temperature 
creep rupture strength is decreased when the Cr equivalent is excessively low. the Cr equivalent must be above 4. 
Particularly, it is preferable that the Cr equivalent is 6 to 9. 

Addition of the element B extremely increases the high temperature (above 621 °C) creep rupture strength. 
Since the weldability becomes degraded when tiie content of B exceeds 0.0030 %. the upper limit of B content is 
limited to 0.0030 %. Content of B for a large casing is preferably 0.0005 to 0.0025 %, and more preferably 0.001 to 
0.002%. 

Since the turbine casing is exposed to high pressure steam having a temperature above 621 °C, the turbine 
casing suffers high stress due to inner pressure. Therefore, from the viewpoint of prevention of creep rupture, the 
casing material is required to have a creep rupture strengtii at 625 'C for 10® hours of above 9 kgf/mm^. Further, 
since a thermal stress acts on the turbine casing when the metal temperature is low at starting period of the turbine, 
from the viewpoint of prevention of brittie fracture the casing material is required to have an impact absorption 
energy at 0 '^C of above 1 kgf-m. Especially, in order to keep the higher reliability, it is preferable that tiie creep rup- 
ture strength at 625 *C for 10^ hours is above 10 kgf/mm^, and tiie impact absorption energy at 0 ''C is above 2 kgf- 
m or the impact absorption energy at 20 ''C is above 3.2 kgf-m. 

In order manufacturing an ingot having little defect, a high level manufacturing technology is required since the 
ingot becomes as large as 50 tons in weight. A sound fen^itic heat resisting cast steel according to the present 
invention can be manufacture by melting a raw alloy material having the target conposition for the heat resisting 
cast steel using an electric furnace, degassing by ladle refining, and then casting a sand mold. By performing suf- 
ficient refining and deoxidizing before casting, an ingot without cast defects such as shrinkage can be obtained. 

Further, a large ingot such as steam turtwne casing capable of operating in a steam environment having a tem- 
perature above 621 'C can be manufactured by annealing the cast body at 1000 to 1 150 •C after said casting, per- 
forming normalizing treatment by heating at 1000 to 1100 °C and rapidly cooling, and then tenpering twice at a 
temperature 550 to 750 ^'C and at a terrperature 670 to 770 *»C. When the annealing temperature and the normal- 
izing tenperature are below 1000 °C, carbo-niti-ide cannot be sufficiently dissolved, and when the annealing tem- 
perature and tiie normalizing temperature are excessively high, grain coarsening takes place. By performing 
tenpering twice, remaining austenite can be perfectly dissolved and martensitic structure can be formed. By man- 
ufacturing an Ingot through the above metiiod. it is possible to obtain an ingot of which the creep rupture strength 
at 625 °C for 1 0® hours is above 9 kgf/mm^, and the irrpact absorption energy at 0 ^'C is above 2 kgf-m or the room 
temperature impact absorption energy at 20 °C is above 3.2 kgf-m, and a steam turbine casing being capable of 
operating in a steam environment having a terrperature above 621 ^^C. 

(2) Reason for restricting the composition of the ferritic heat resisting steel according to the present invention will 
be described below. The ferritic heat resisting steel is used for constructing the high pressure and intermediate 
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pressure rotors, blades, nozzles, tightening bolts of the Inner casings and diaphragms In the first stage of an Inter- 
mediate pressure portion for the steam turbine. 

The element C Is an inevitable element to increase the high temperature strength by depositing carbide in a 
process of annealing heat treatment. A content of C more than 0.05 % Is required to attain a high tensile strength. 
5 However, when the content exceeds 0.20 % and the steel exposed to high temperature for a long time, the metallic 
structure becomes instable and the long term creep rupture strength is decreased. Therefore, the content of C Is 
limited to 0.05 to 0.20 %. It is preferable that the content is 0.08 top 0.14 %, and particularly more preferable 0.09 
to 0.14%. 

The element Mn is an additive as a deoxidizing agent, and the effect is attained by adding a small amount Mn. 

10 When a large amount of Mn above 1 .5 % is added, the aeep mpture strength Is deaeased. Particularly, it is pref- 
erable that the content is 0.03 to 0.20 % or 0.3 to 0.7 %. For the larger amount range, a range of 0.35 to 0.65 is 
preferable. When the content of Mn is in the smaller range, a higher strength can be attained, and when the content 
of Mn is in the larger range, a better workability can be attained. 

Although the element SI Is also an additive as a deoxidizing agent, it is not necessary to deoxidize by Si when 

15 a steel manufacturing technology such as vacuum carbon deoxidizing method is used. Further, suppressing the 
content of Si is effective for prevention of decreasing in the toughness due to forming of harmful S-fenitic structure 
and segregation of grain boundaries. Therefore, it is necessary to suppress the content below 1 % if Si is added, 
and it is preferable that the content should be below 0.15 %. and preferably below 0.07 % and particularly more 
preferable below 0.05 %. 

20 The element Ni Is effective to Increase the toughness and to prevent formation of S-fenite. However, when the 

content is lower than 0.05 %, the effect is insufficient, and when the content exceeds 1 .0 %, the creep rupture 
strength is undesiratrfy decreased. Therefore, it is preferable tiiat the content is 0.3 to 0.7 %, and more preferable 
0.4 to 0.65%. 

The element Cr is an inevitable element for increasing tiie high temperature strength and tiie high temperature 
25 oxidization. The content is required at least 9 %. However, when the content exceeds 1 3 %. harmful 5-ferritic struc- 
ture is formed, and accordingly the high temperature strength and the toughness are deaeased. Therefore, the 
content is limited in 9 to 1 2 %. Particularly, it is preferable that tiie content is 1 0 to 1 2 %, and more preferat)ly 1 0.8 
to 11.8%. 

The element Mo is added for improving the high temperature strength. However, in a case where a steel con- 

30 tains W of above 1 % as the cast steel according to tiie present invention, addition of W above 1 % decreases tiie 
toughness and the fatigue strength. Therefore, the content is limited below 0.5 %. Particularly, it is preferable ttiat 
the content is 0.05 to 0.45 %, and more preferably 0.1 to 0.3 %. 

The element W has a strong effect to increase the high temperature long term strength at a temperature above 
620 **C by suppressing coarsening of carbide due to agglomeration at high temperature and strengthening matrix 

35 by solution. It is preferable tiiat tiie content is 1 to 1 .5 % for temperature of 620 '^C. the content is 1 .6 to 2.0 % for 
temperature of 630 *'C. the content is 2. 1 to 2.5 % for temperature of 640 ''C, the content is 2.5 to 3.0 % for temper- 
ature of 650 °C. and the content is 3.1 to 3.5 % for temperature of 660 **C. When the content of W exceeds 3.5 %, 
the toughness decreases due to formation of 5-ferrite. The content is limited in tiie range of 1 to 3.5 %. Particularly, 
it is preferable tiiat the content is 2.4 to 3.0 %, and more preferably 2.4 to 2.8 %. 

40 The element V has an effect to increase tiie aeep rupture sti-ength by forming carbo-nitride. When the content . 

is below 0.05 %, the effect is insufficient, and when tiie content is exceeds 0.3 %, tiie fatigue strengtii is decreased 
due to formation of S-ferrite. It is preferable that the content is 0.10 to 0.25 %, and more preferable 0.15 to 0.25%. 

The element Nb is very effective to Increase the high temperature strengtii by forming carbide of NbC. How- 
ever, particularly in a large ingot when Nb is excessively added, the strength Is decreased on the contrary due to 

45 formation of eutectic NbC carbide having large grains or the fatigue strengtii is decreased due to deposition of 6- 
ferrite. Therefore, it is necessary to suppress tiie content below 0.20 %. On ttie ottier hand, when tiie content of Nb 
is lower than 0.01 %. tiie effect is insufficient. It is preferable tiiat tiie content is 0.02 to 0.15 %. and more preferably 
0.04 to 0.10%. 

The element Co is an important element which characterizes and distinguishes the present invention from tiie 
50 prior Inventions. In the present invention, adding of Co substantially improves the high temperature strengtii as well 
as the toughness. It is tiiought that the effect is caused by an interaction witii tiie element W and a particular phe- 
nomenon in tiie alloy containing W of more than 1 % according to the present invention. The limit content of Co to 
function tiie Co effect in the alloy according to the present invention is 2.0 %. An additional larger effect cannot be 
attained even if Co is excessively added, but tiie ductility is decreased. Therefore, the upper limit of Co content is 
55 10 %. It is preferable tiiat tiie content is 2 to 3 % for temperature of 620 ""C. tiie content is 3.5 to 4.5 % for tenper- 
ature of 630 ^^C. tiie content Is 5 to 6 % for temperature of 640 *'C. the content is 6.5 to 7.5 % for temperature of 650 
""C. and the content is 8 to 9 % for temperature of 660 ''C. However, a sufficient sti'ength can be attained at any tem- 
perature below 650 ""C by adding Co of above 2 %. 

The element N is an important element which characterizes and distinguishes tiie present invention from tiie 
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prior inventbns. The element N is effective for improving the creep rupture strength and for prevention of forming 
5-ferrrtic structure. However, when the content is lower than 0.01 % the effect is insufficient, and when the content 
exceeds 0.1 % the toughness is decreased and the creep rupture strength is also decreased. Therefore, it is pref- 
erable that the content is 0.01 to 0.03 %, and more preferable 0.01 to 0.025 %. 

The element B has an effect to increase the Wgh temperature strength by function of strengthening grain 
boundary and function of preventing coarsening due to agglomeration of M23C6 carbide by dissolving in the M23C6 
carbide. Although addition of B above 0.001 % Is effective, the weldabllity and the forging ability are degraded when 
the content of B exceeds 0.03 %. Therefore, the content Is limited in the range of 0.001 to 0.03 %. It is preferable 
that the content is 0.001 to 0.01 %, and more preferable 0.01 to 0.02 %. 

Addition of the elements Ta, Tl and Zr is effective for increasing the toughness. The effect can be sufficiently 
obtained by adding Ta of below 0.15 %, Ti of below 0.1 % or Zr of below 0.1 %, or adding them together. When Ta 
is added above 0.1 %, adding of Nb may be omitted. 

It is preferable that the rotor shaft and the rotating blades and fixed blades at least in the first stage according 
to the present invention, for steam temperature of 620 to 630 are made of a totally annealed steel having mar- 
tensitic structure which contains C of 0.09 to 0.20 %. Si of not more than 0.15 %, Mn of 0.05 to 1.0 %, Cr of 9.5 to 
12.5 %, Ni of 0.1 to 1 .0 %, V of 0.05 to 0.30 %, N of 0.01 to 0.06 %, Mo of 0.05 to 0.5 %. W of 2 to 3.5 %. Co of 2 
to 4.5 %, B of 0.001 to 0.030 %. and having Fe of not less than 77 %. Further, for steam terrperature of 635 to 660 
''C. it is preferable that content of Co is changed to 5 to 8 % and Fe is changed to not less than 78 % in the totally 
annealed steel having martensitic structure described above. Especially, by decreasing the Mn content to 0.03 to 
0-2 % and the B content to 0.001 to 0.01 % for the above both temperature ranges, a high strength can be attained. 
Particularly, it is preferable that the content is set to C of 0.09 to 0.20 %. Mnof 0.1 toO.7%. NiofO.1 to 1 0% Vof 
0.10 to 0.30 %, N of 0.02 to 0.05 %. Mo of 0.05 to 0.5 %. W of 2 to 3.5 %. and Co of 2 to 4 %, B of 0.001 to 0.01 % 
for the material for steam temperature of blow 630 °C. and Co of 5.5 to 9.0 %, B of 0.01 to 0.03 % for the material 
for steam temperature of 630 to 660 "C. However, a material having even the former Co content can be used in the 
temperature range of 620 to 650 '^C. 

For the material for rotor shaft, the Cr equivalent obtained from an equation to be described later is preferably 
set to 4 to 10.5, and more preferably set to 6.5 to 9.5. The same can be applied to the other components. 

Since the fatigue strength and the toughness of the rotor material for the high pressure and the intermediate 
pressure steam turbines according to the present invention are decreased when 6-ferritic structure is mixed, the 
structure is preferably uniform martensitc structore. In order to obtain annealed martensitic structure, the Or equiv- 
alent calculated by Equation (1) must be set to below 10 by adjusting the components. When the Cr equivalent is 
excessively small, the creep nurture strength is decreased. Therefore, the Cr equivalent must be set to above 4 
Particularly, it is preferable that the Cr equivalent is 5 to 8. 

At least one of the rotor shaft, the rotating Wade and the fixed Wade according to the present invention is made 
of a material which contains a B+N content of not more than 0.050 %. and has at least one of the relationships that 
a ratio of (N/B) is not less than 1 .5 (preferaWy 1 .5 to 2.0), a ratio of (B/Co) is not less than 0.0035 (preferably 0.0035 
to 0.008. and more preferably 0.04 to 0.006). a ratio of (Co/Mo) is not more than 18 (preferaWy 8 to 18. more pref- 
eraWy 1 1 to 16). and a ratto of (Co/Nb) is not less than 30 (preferably 30 to 70). It is more preferaWe that all the 
above relationships are satisfied. These elements are organically related one another. 

(3) Reason for restricting the composition of the aforementfoned Ni base deposition strengthened alloy according 
to the present invention will be described below. The Ni base deposition strengthened altoy is used for the rotating 
Wades at least in the first stage of the high pressure and intermediate pressure steam tuibine according to the 
present invention. 

Addition of the element C above 0.03 % increases the yield strength and the creep strength at high tempera- 
ture by dissolving in the alloy or by depositing carbide during being used at high temperature. However, addition of 
C exceeding 0.2 % excessively forms deposit of carbide during being used at high temperature to decrease tfie 
high temperature tensile contraction ratio. It is preferable that ttie content is 0.03 to 0.15 %. 

The element Cr increases tiie yield strength and the creep strength at high temperature by dissolving into an 
alloy, and further increases the high temperature oxidizing resistivity and the sulfuric corrosion resistivity. Therefore 
it is necessary to add Cr of above 12 %. However, a-phase is deposited when tiie content of Cr exceeds 20 %. and 
the contraction ratio In a high temperature tensile test is decreased. It is preferaWe that ttie content is in ttie ranqe 
of 12 to 20%. 

Addition of ttie element Mo above 9 % increases the yield strengtti and ttie creep rupture strengtti at high tem- 
perature by dissolving in the alloy. However, addition of Mo exceeding 20 % rapidly decreases the yield strength on 
the contrary, and furtfier a-phase is deposited and ttie contraction ratio in a high temperature tensile test is 
decreased. It is preferable ttiat ttie content is in ttie range of 12 to 20 %. 

Addition of ttie element Co above 12 % substantially increases ttie yield strength and ttie creep rupture 
strength at room temperature and at high temperature by dissolving in ttie alloy However, addition off Co exceeding 



10 



EP0 767 250 A2 



12 % rapidly decreases the high temperature ductility, and further a-phase is deposited and the contraction ratio in 
a high temperature tensile test is deaeased. It is preferable that the content is in the range of 5 to 12 %. 

Addition of the element Al of 0.5 to 1 .5 % increases the yield strength and the aeep rupture strength in high 
temperature tensile by dissolving in the alloy and further by depositing y-prime phase during being used at high 
5 temperature. However, addition of Al exceeding 1 .5 % decreases the high temperature tensile contraction ratio. It 
is preferable that the content is 0.5 to 1 .2 %. 

Addition of the element Ti of 2 to 3 % increases the yield strength and the creep rupture strength in high tem- 
perature tensile by dissolving in the alloy and further by depositing -y^prime phase during being used at high tem- 
perature. However, addition of Ti exceeding 3 % deaeases the high temperature tensile contraction ratio. 
10 Since the element Fe deaeases the aeep rupture strength, the content must be suppressed as low as possi- 

ble. Even if Fe is contained as an impurity, the content of Fe must be decreased to below 5 %. 

The elements Si and Mn are added as deoxidizing agents and for improving hot workability by below 0.3 % and 
below 0.2 %, respectively. However, it is preferable that the both are not added. 

Addition of a small amount of the element B inaeases the creep rupture strength and the high temperature 
75 ductility by locally depositing in austenitic grain tx)undary. The effect is attained by adding B of above 0.003 %. 
However, the hot wakability as well as the high temperature ductility are degraded when the content of B exceeds 
0.015 %. Tlierefore. the content of B must be 0.003 to 0.015 %. 

The element Mg and the rare-earth elements inaease the creep rupture strength by locally depositing in auste- 
nitic grain boundary. The element Zr is a strong carbide forming element, and addition of a small amount of the ele- 
20 ment Mg increases the creep rupture strength by a multiplier effect with faming of the other carbides such as Ti 
carbide. However, since excessively adding of these elements deaeases the ductility at high temperature by 
deaeasing bonding force between the grain boundaries and by forming coarse carbides, it is preferable to add Mg 
of not more than 0.1 %, rare-earth elements of not more than 0.5 % and Zr of not more than 0.5 %, and particuleu'ly 
preferable to add Mg of 0.005 to 0.05 %. rare-earth elements of 0.005 to 0.1 % and Zr of 0.01 to 0.2%. 
25 Aging treatment is performed to the alloy according to the present invention after solution treatment. 

The solution treatment is performed by maintaining the alloy at a temperature of 1050 to 1200 **C for 30 min- 
utes to 10 hours and then by cooling using cold water or air. The water cooling is performed by immersing the alloy 
having a desired temperature into water, and in a case where the alloy is of a plate-shape the water cooling is per- 
formed by splaying water onto the surface of the alloy having a desired temperature. 
30 TTie aging treatment after the solution treatment described at)Ove is performed by maintaining the alloy at a 

temperature of 700 to 870 '^C for 4 to 24 hours. 

The alloy according to the present invention is preferable melded in a non-oxidizing environment. Since the raw 
materials used fa the alloy according to the present invention are pure metals, in order to improve production yield 
of alloy elements and reduce deviation of compositions, it is preferable that the alloy elements are heated in vac- 
35 uum just before being melted down and then to f HI with a non-oxidizing gas to melt them. 

Further, the elements melted in such a manner is remelted by vacuum arc or electroslug to obtain the alloy. 

TTie Ni base deposition strengthening alloy in accordance with the present invention preferably has a tensile 
strength of above 90 kg/mm^ at room temperature, more preferably above 100 kg/hnm^ and a tensile strength of 
above 80 kg^f1m^ at 732 '*C. and an elongation of above 1 0 %. 

40 

(4) The rotor accading to the present invention is manufactured by melting alloy raw material having a target com- 
position using an electric furnace, deoxidizing through carbon vacuum deoxidation. casting in a metallic mold, forg- 
ing to form an electrode. The electrode is remelted by electroslug and forged to form in a rotor-shape. The forging 
must be performed under a temperature below 1150 ''C in ader to prevent forging crack After annealing heat treat- 
45 ment of the f aged steel, the forged steel is performed quenching treatment by heating at 1 000 to 1 1 00 *'C and rap- 
idly cooling, and then annealed twice at a temperature 550 to 650 and then at a temperature 670 to 770 *C. 
Thus, a steam turbine rotor capable of operating in a steam environment having a temperature above 620 can 
be manufactured. 

The blades, the nozzles, the tightening bolts of the inner casings and the diaphragms in the first stage of the 
so intermediate pressure portion according to the present invention are manufacture as follows. An ingot is manufac- 
tured by melting the raw material by vacuum melting and casting it into a metal mold under vacuum environment. 
The ingot is hot forged in a predetermined shape at the same temperature described above, and water-quenched 
or oil-quenched after heated at a temperature of 1050 to 1 150 'C, tempered at a temperature 700 to 800 '^C, and 
then machined into a desired shape such as a blade-shape. The vacuum melting is performed under pressure of 
55 lO''* to 10'^ mmHg. Although the heat resisting steel in accordance with the present invention may be used for the 
blades in the high pressure portion and the intermediate pressure portion in all the stages and the nozzles, the heat 
resisting steel is particularly required for the blades in the first stages of the high pressure and the intermediate 
pressure steam turbines. 
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llir^^^!^ ^^ ^^"9 ^ '^'9'^ "^""S characteristic are formed on the surface of the 

base material forming the joumai portion of the rotor shaft, the bulkJ-up welding layers being formed by at least 

being successive y deaeased from the first layer to any layer of the second layer to the fourth layer the weldina 
rna^enalofastealha^ngtlie same Crcortert being use^ 

^ Hm'^ ^ '^^^ '^"9 Cr content of the base material by 2 

welht %r *^ *° ^ * (preferably 1 to 2.5 

ic>ur^!^^r^!n^f^^ '"'■'"■^ *® ^'Slhest safety for improving bearing characteristic of the 

^urral porton in the present invention, it becomes dHficult to perform the build-up welding as the content of B in 

to choDse a construction where a sleeve made of a low carbon steel having Cr of 1 to 3 % is shrunk in or inserted 

Twr^KKd^r^^^^^ 

H is preferable that the buikJ-Mp welding layers obtained by the present invention are composed of 5 layers to 
10 layeis. as descnbed above, if the content of Cr is rapidly decreased in the first build-up welding layer a high ten- 

S cfin e1c"h°2 th^S ""T 1 '^^^^ '"""^ ^"^ » ^ tt^comem 

rr?„ L 1 . ^ *f "'"9 '^^^ ^'^^ a«l it fe ateo necessary that a desired content of 

I?vl » '^'^y^'r' ^^'"^ °f surface layer are maintained. This means that five or more 

^^^ JTT ^ additional effect cannot be obtained even if ten or more layers 

are welded. In a large sized structural member such as a steam turbine rotor shaft, it is necessary that the build-up 
welding layer ,s not affected by the composition of the base material, and has a desired compcliJon arS a dlIrS 

^*Jfl?o?i! base material and upper layers having the desired composition and the desired thickness provided 
on the ttvee layers. The upper layers are required to be composed of more than two layers, and the required thick- 

^■1 "^"^ ■ T *° '^ye-^ having such a thickness, five build-up 

welding layers are required even if the thickness for the final finishing by machining is excluded. It is preferable that 
the laye;^ after the third layer mainly have annealed martensitic struciire and d^wsited ca*ide SaSJ tt,e 
competition of the build-up wekling layers after the fourth layer is preferably composed of C of 0.01 to 0 1 % Si of 
0.3to1%.Mnof0.3to1.5%.Crof0.5to3%,l«loof0.1to1.5%.andtheremainderofFe 

In the buiW-up welding layers, the Cr content in the welding material being successively decreased from the 

wTw^n^l5/"^Jf ^ *° ^y ^^-"'"9 °* ^ buiW-ip teyers using each of 

^Mhr ^""T""^ successively decreasing Cr content, it is possible to solve the problem in that the ductility 

l?Jrlf '"" '^^ '''"^ '^'^ *° ^ "^^9^ '''^'^^ Cr content in the welded porJon 

t^i^SZ^th ^ "^L"^ ^'"^ *° *^ P^^^"* ^'"^^^"ce Of the ch^ium con- 

tente between the base matenal and the portion near the first layer can be made small, and at the same time the 
build-up welding layer having the high bearing characteristic described above can be formed in the final layer 
TTie Cr content in the welding material used in wekiing the first layer is less than the Cr content of the base 

s^il Jl ^Z'^J'^ ^ ^ *° ""^'^^^ Cr content in the buiid-up weWing 

Sit,^^ Sfw^ ' to function the effect of improving the bearing characteristic. On the contrary, wl^n the Cr 
content in the welding matenal used .n weWing the first layer is less than the Cr content of the base material by 
^Zl J"^ chromium contents between the base material and the build-up welding layers 

th "^r- difference causes a difference in thermal expansion coefficients aSd cons^u^ 
Sin-^ ZIi^^ "^"'"^ '^'^ ^ '^^^ '^^"^ stress or causes weldinTclacks 

^l^^c^^T'^ "^r"* '^"^ "^^"^ °' Cr is high, the buiW-up welding layer hav- 

I L 1 ^^t ^""^ ''""•^■"P ^^'^'"S As a result, the lower Scontent 

steel IS us«l in weWing the harder the welding portion becomes due to the higher tensite residual stress Thfe 

^ve^llt^I^^n!^?^- 

tTl ^T^.^ "^'"'"'"^ ^* " ^ Cr content of the b;se materS by 

nearly 1 to 3 % because of miwng with the base material, which results in a better wekling 

wSm^thf TJT^^L^^, ^ of a in the wekling material for the fourth layer. In the build-up 

weWing. the layers uptothe third layer are affected by the composition of the base material, but the conpo^ 
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build-up welding layers after the fourth layer is determined by the composition of the welding material used. There- 
fore, it is possible to form layers which satisfies the required characteristic as the journal portion of the steam tur- 
bine rotor shaft The thickness of the build-up welding layers required for the large sized structure of the steam 
turbine rotor shaft is 18 mm as described above. In order to obtain the required alloying constituent and the required 
5 thickness with the conposition as the final layer, more than two layers of the build-up welding layers after the fourth 
layer are welded using the welding material having the same content of Cr. Thereby, it is possible to form the build- 
up welding layer which satisfies the aforementioned required characteristic as the journal having a sufficient thick- 
ness. 

10 (6) Reason for restricting the composition of the ferritic heat resisting steel according to the present invention will 
be described below. The ferritic heat resisting steel is used for constructing the valve boxes of the inner casing con- 
trol valve for the high pressure and intermediate pressure steam turbines, the valve boxes of the confining 
reheater valve, the main steam lead pipe, the main steam inlet pipe, the reheater inlet pipe, the high pressure 
steam turtxne nozzle box, the intermediate pressure steam turbine first diaphragm, the high pressure steam tuitine 

IS main steam inlet flange, the elbows, the main steam stop vatve. 

In the ferritic heat resisting cast steel, by adjusting the ratio Ni/W to 0.25 to 0.75, it is possible to obtain a heat 
resisting cast steel of casing material having a creep rupture strength of above 9 kgf/mm^ at 625 ''C for 10^ hours 
and an inrpact at>sorption energy of above 1 kgf-m at 0 °C which is required for a high pressure steam turbine inner 
casing, an intermediate pressure steam turbine inner casing, a main steam stop valve and a control vatve for an 

20 ultra-high critical pressure steam turbine operated at above 621 <'C. 250 kgf/cm^. 

For the heat resisting casting steel according to the present inventon. in order to attain a high high-temperature 
strength and a high low-temperature toughness and a high fatigue strength, it is preferable that components are 
adjusted so that the Cr equivalent calculated by each of the compositions (weight %) in the following equation 
becomes 4 to 10. 

Cr equlvalent=Cr46Si-i4Maf1.5W-i-11V+5Nb-40C-30N-30B -2Mn-4Ni-2Co 

The 12 Cr heat resisting steel according to the present invention, particularly using in a steam environment 
having a temperature above 621 ""C, it is preferable that the creep rupture strength at 625 ^'C, 1 0^ h is not less than 

30 10 kgf/mm^, and the impact absorption energy at room temperature is not less than 1 kgf-m. Further, in order to 
keep the higher reliability, it is preferable that the creep rupture strength at 625 "C for 10^ hours Is above 10 
kgf/mm^. and the impact absorption energy at 0 ^'C is above 2 kgf-m. 

The element C is necessary to be added above 0.06 % in order to obtain a high tensile strength. However, 
when the content exceeds 0.16 %, in a case where the material is exposed to a high tennperature for a long time 

35 the metallic structure becomes unstable and accordingly the long time creep rupture strength Is decreased. There- 
fore, the content of C is limited to 0.06 to 0.16 %. Particularty, it is preferable that the content of C is limited to 0.09 
toO.14%. 

The element N is effective for improving the creep rupture strength and for prevention of forming 6-ferritic struc- 
ture. However, when the content is lower than 0.01 % the effect is insufficient, and when the content exceeds 0.1 
40 % the toughness is decreased and the creep rupture strength is also decreased. Therefore, it is preferable that the 
content is 0.02 to 0.04 %. 

The element Mn is an additive as a deoxidizing agent, and the effect is attained by adding a small amount Mn. 
When a large amount of Mn above 1 % is added, the creep rupture strength Is deaeased. Particularly, it is prefer- 
able that the content is 0.4 to 0.7 %. 
45 Although the element Si is also an additive as a deoxidizing agent, it is not necessary to deoxidize by Si when 

a steel manufacturing technology such as vacuum cari3on deoxidizing method is used. Further, suppressing the 
content of Si is effective for prevention of forming harmful 5-ferritic structure. Therefore, it is necessary to suppress 
the content below 1 % if Si is added, and it is preferable that the content is below 0.5 %. and more preferably below 
0.1 to 0.4%. 

so The element V has an effect to increase the creep rupture strength. When the content is below 0.05 %, the 

effect is insufficient, and when the content is exceeds 0.35 %, the fatigue strength is decreased due to formation of 
6-ferrite. It is preferable that the content is 0.15 to 0.25 %. 

The element Nb is very effective to increase the high temperature strength. However, particulariy in a large 
ingot when Nb is excessively added, the strength is decreased on the contrary due to formation of eutectic Nb car- 

55 bide having large grains or the fatigue strength is decreased due to deposition of 6-ferrite. Therefore, it Is necessary 
to suppress tfie content below 0.15 %. On the other hand, when the content of Nb is lower than 0.01 %, the effect 
is insufficient. In a case of a large ingot it is preferable tiiat tiie content is 0.02 to 0.1 %, and more preferably 0.04 
to 0.08%. 

The element Ni is very effective for increasing toughness and for preventing formation of 6-ferrite. However, 
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when the content is lower than 0. 1 %, the effect is insufficient, and when the content exceeds 1 .0 %, the creep rup- 
ture strength Is undesirably deaeased. It Is preferatsle that the content is 0.2 to 0.9 %, and more preferably 0.4 to 
0.8 %. 

The element Cr has an effect for improving the high temperature strength and the high temperature oxidization. 
5 When the content exceeds 12 %. harmful 6-femtic structure is formed, and when the content is below 8 %. the 
resistivity to oxidation against high temperature high pressure steam is insufficient. On the other hand, although Cr 
addition has an effect for increasing the creep rupture strength, excessive addition causes formation of harmful 5- 
ferritic structure and deaeases the toughness. It Is preferable that the content Is 8.0 to10 %, and more preferably 
8.5 to 9.5%. 

10 The element W has an effect for extremely increasing the high temperature long term strength. When the con- 

tent of W is below 1 %, the effect is insufficient for a heat resisting steel used under tenrperature of 620 to 660 ''C. 
When the content of W exceeds 4 %, the toughness decreases. It is preferable that the content of W is selected 
depending on the temperature so that the content is 1 .0 to 1 .5 % for temperature of 620 °C, the content is 1 .6 to 
2.0 % for temperature of 630 '^C, the content is 2.1 to 2.5 % for temperature of 640 **C, the content is 2.6 to 3.0 % 

IS for temperature of 650 and the content is 3. 1 to 3.5 % for temperature of 660 "^C. However, it is possible to select 
that the content is 1 .5 to 1 .9 % when temperature is below 650 ^'G. 

There is a correlation between W and Nl, and a higher strength and a higher toughness can be obtained by 
selecting the ratio NiAW in the range of 0.25 to 0.75. 

The element Mo is added for improving the high temperature strength. However, in a case where a steel con- 

20 tains W of above 1 % as the cast steel according to the present invention, addition of W above 1 .5 % deaeases the 
toughness and the fatigue strength. Therefore, the content is limited below 1 .5 %. Particularly, it is preferable that 
the content is 0.4 to 0.8 %. and more preferably 0.55 to 0.70 %. 

Addition of the elements Ta. Ti and Zr is effective for increasing the toughness. The effect can be sufficiently 
obtained by adding Ta of below 0.15 %, Ti of below 0.1 % or Zr of below 0.1 %, or adding them together. When Ta 

25 is added above 0.1 %, adding of Nb may be omitted. 

Since the fatigue strength and the toughness of the casing material of the heat resisting cast steel according 
to the present invention are decreased when S-fen^ltic structure Is mixed, the structure is preferably urnform marten- 
sitic structure. In order to obtain annealed martensitic structure, the Cr equivalent calculated by Equation (1) must 
be set to below 10 by adjusting the components. When the Cr equivalent is excessively small, the aeep rupture 

30 strength is deaeased. Therefore, the Cr equivalent must be set to above 4. Particularly, It Is preferable that the Cr 
equivalent is 6 to 9. 

Addition of the element B extremely Increases the high temperature (above 621 °C) creep rupture strength. 
Since the weldability becomes degraded when the content of B exceeds 0.0030 %, the upper limit of B content is 
limited to 0.003 %. Especially, the upper limit of B for a large casing is 0.0028 %. the content of B is preferably 

35 0.0005 to 0.0025 %, and more preferably 0.001 to 0.002 %. 

Since the turbine casing covers high pressure steam having a temperature above 620 "C, the turbine casing 
suffers high stress due to inner pressure. TTierefore. from the viewpoint of prevention of creep rupture, the casing 
material is required to have a creep rupture strength at 625 '^C for 10^ hours of above 10 kgf/mm^. Further, since a 
thermal stress acts on the turbine casing when the metal temperature is low at starting-up period of the turbine, 

40 from the viewpoint of prevention of brittle fracture the casing material is required to have an impact absorption 
energy at room temperature of above 1 kgf-m. Particularly, the impact absorption energy in higher temperature can 
be increased by reducing the content of Co. Especially, it is preferable to select that the content is 1 to 2 % for 620 
"C, the content is 2.5 to 3.5 % for 630 ''C. the content is 4 to 5 % for 640 ^C. the content is 5.5 to 6.5 % for 650 'C 
and the content is 7 to 8 % for 660 **C. However, the Co free casting steel may be used at each of the above tem- 

45 peratures. 

The casing according to the present invention is made of a material which has at least one of the relationships 
that a ratio of (W/Mo) is not less than 2.85 (preferably 2.85 to 4.50, and more preferably 3 to 4) and a ratio of 
{Mo/Cr) is 0.04 to 0.08 (preferably 0.05 to 0.06). It is more preferable that ail the above relationships are satisfied. 
In order manufacturing a casing having little defect, a high level manufacturing technology is required since the 
so casing becomes as large as 50 tons in weight. A sound fen'itic heat resisting cast steel of casing material according 
to the present invention can be manufactured by melting a raw alloy material having the target conrposition using 
an electric furnace, degassing by ladle refining, and then casting a sand mold. By performing suffident refining and 
deoxidizing before casting, a casing without cast defects such as shrinkage can be obtained. 

Further, a steam turbine casing capable of operating in a steam environment having a temperature above 621 
55 °C can be manufactured by annealing the cast body at 1000 to 1 150 °C after said casting, performing normalizing 
treatment by healing at 1000 to 1 100 ''C and rapidly cooling, and then tempering twice at a temperature 550 to 750 
°C and at a temperature 670 to 770 °C. When the annealing temperature and the normalizing temperature are 
below 1 000 "C. cartDO-nitride cannot be sufficiently dissolved, and when the annealing temperature and the normal- 
izing temperature are excessively high, grain coarsening takes place. By performing tempering twice, remaining 
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austenite can be perfectly dissolved and martensitic structure can be formed. By manufacturing an ingot through 
the above method, it is possible to obtain an ingot of which the creep rupture strength at 625 for 10^ hours is 
above 10 kgf/mm^. and the impact absorption energy at 0 is above 1 kgf-m or the impact absorption energy at 
room temperature is above 3.2 kgf-m. and a steam turbine casing being capable of operating in a steam environ- 
5 ment having a temperature above 620 ''C. 

The casing in accordance with the present invention is preferably made of the cast steel having the aforemen- 
tioned value of the Cr equivalent and an amount of 5-ferrite being preferably not more than 5 %. and more prefer- 
ably)%. 

It is also preferable that the inner casing for the intermediate pressure steam turbine made of a forged steel 
10 instead of the cast steel. 

(7) Others 

(a) The low pressure steam turbine rotor shaft is preferably made of a low caitx>n steel having totally annealed 
15 bainitic structure containing C of 0.2 to 0.3 %. Si of not more than 0.1 %. Mn of not more than 0.2 %. Ni of 3.2 

to 4.0 %. Cr of 1 .25 to 2.25 %, Mo of 0.1 to 0.6 % and V of 0.05 to 0.25 %, and is preferably manufactured 
through the same method as the high pressure and the intermediate pressure rotor shafts, as descrit^ed above. 
Particularly, it is preferable to manufacture the rotor through a super-clean process in which the raw material 
has Si of not nx>re than 0.05 %. Mn of not more than 0.1 % and small amount of impurities such as P, S, As, 
20 Sb. Sn and so on. That is. it is preferable that the contents of P and S are not more than 0.01 %. respectively. 

and the contents of Sn. As are not more than 0.005 %. respectively, and the content of Sb Is not more than 
0.001 %. 

(b) The low pressure steam turbine blades except for the t^lades in the last stage and the nozzle are preferably 
made of a totally annealed martensitic steel containing C of 0.05 to 0.2 %. Si of 0.1 to 0.5 %, Mn of 0.2 to 1 .0 

25 %.Cr of 10 to 13%. Mo of 0.04 to 0.2%. 

(c) Both of the low pressure steam turbine inner casing and the low pressure steam turbine outer casing are 
preferably made of a carbon steel containing C of 0.2 to 0.3 %, Si of 0.3 to 0.7 %, Mn of not more than 1 %. 

(d) The main steam stop valve casing and the steam control valve casing are preferably made of a totally 
annealed martensitic steal containing C of 0.1 to 0.2 %. Si of 0. 1 to 0.4 %, Mn of 0.2 to 1 .0 %. Cr of 8.5 to 1 0.5 

30 %. Mo of 0.3 to 1 .0 %, W of 1 .0 to 3.0 %. V of 0.1 to 0.3 %. Nb of 0.03 to 0.1 %, N of 0.03 to 0.08 % and B of 

0.0005 to 0.003 %. 

(e) A Ti alloy is used for the low pressure steam turbine blades in the last stage, and especially blades having 
a length above 40 inches are made of a Ti alloy containing Al of 5 to 8 weight % and V of 3 to 6 weight %. The 
contents of these elements are increased as the length becomes longer. It is preferable to use a high strength 

35 material which contains Al of 5.5 to 6.5 % and V of 3.5 to 4.5 for 43 inch length t)lade, and contains Al of 4 to 

7 %, V of 4 to 7 % and Sn of 1 to 3 % for 46 inch length blade. 

(f) The high pressure and the intermediate pressure steam turbine outer casings are preferably made of a cast 
steel having totally annealed bainitic structure and containing C of 0.05 to 0.20 %, Si of 0.05 % to 0.5 %, Mn of 
0.1 to 1 .0 %. Ni of 0.1 to 0.5 %. Cr of 1 to 2.5 %. Mo of 0.5 to 1 .5 %. V of 0.1 to 0.3 %, and preferably further 

40 containing at least one of B of 0.001 to 0.01 % and Ti of not more than 0.2 %. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing the construction of an embodiment of a high pressure steam turbine made 
45 of a ferritic steel in accordance with the present invention. 

FIG.2 is a cross-sectional view showing the construction of an embodiment of an intermediate pressure steam tur- 
bine made of a femtic steel in accordance with the present invention. 

FIG.3 is a cross-sectional view showing the construction of an embodiment of a low pressure steam turbine made 
of a ferritic steel in accordance with the present invention. 
so FIG.4 is a diagram showing the construction of a coal fired power plant in accordance with the present invention. 

FIG.5 is a cross-sectional view showing an embodiment of a rotor shaft for a high pressure steam turbine in accord- 
ance with the present invention. 

FIG.6 is a cross-sectional view showing an emtxxJiment of a rotor shaft for an intermediate pressure steam turbine 
in accordance with the present invention. 
55 FIG.7 is a graph showing creep rupture strengths for rotor shaft nrraterials. 

FIG.8 is a graph showing the relationship between aeep rupture time and amount of Co. 

FIG.9 is a graph showing the relationship between aeep rupture time and amount of B. 

FIG. 10 is a graph showing the relationship between creep rupture strength and amount of W. 

F1G.1 1 is a graph showing creep rupture strengths for casing shaft materials. 
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FIG. 12 is a cross-sectional view showing a main steam stop valve and a control valve. 
FIG. 13(a) is a plan view showing construction of a welding crack test piece. 
FIG.13(b) is a side view of FIG.13(c). 
FIG.13(c) is an enlarged view of a part A of FIG.13(b). 
5 FIG. 14 is a graph showing the relationships between amount of O and creep rupture strength, and impact value. 
FIG. 1 5 is a block diagram of a turbine construction in Table 2. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

10 (Enrtx>diment 1) 

With steep rise in fuel prices after the oil crisis, there have been arises needs for a pulverized coal direct fired boiler 
and a steam turbine having steam temperature of 600 °C to 649 '^C in order to increase the thermal efficiency through 
improving the steam condition. Table 1 shows an example of a boiler having such a steam condition. 

75 



Table 1 



PLANT OUTPUT OPERATION TYPE 


1050 MW CONSTANT PRESSURE 


SPECIFICATION OF BOILER 


TYPE 


Radiant Reheating Ultra- High Critical 
Pressure Once-through Boiler 


STEAM GENERATING RATE 


3170 t/h 


STEAM PRESSURE 


24.12 MPa[q 


STEAM TEMPERATURE 


630*'C/630*»C 


PERFORMANCE 


COMBUSTION CHARACTERISTIC 
NO, 

UNBURNED ASH 


120 ppm 
3.2% 


LOAD CHANGE RATE (50^100%) 


4%/mln 


MINIMUM LOAD 


33%ECR (Whitbank coal) 



35 

Since steam oxidation occurs with such a high temperature, 8-10% Cr steel is used instead of conventional 2.25% 
Cr steel. As for high temperature corrosion, pulverized coal direct combustion gas contains sidfurous composition of 1 
% at maximum and chloric composition of 0.1 % at maximum. Therefore, the super-heater pipe employs an austenitic 
stainless steel which contains Cr of 20 to 25 %. Ni of 20 to 35 %, small amounts of Al and Ti each being less than 0.5 

40 %, Mo of 0.5 to 3 %, and Nb of preferably not more than 0.5 %. Since the pulverized coal direct combustion produces 
high temperature, in order to reduce NOx it is preferat)le to employ such a burner as to form a burning flame with primary 
air and pulverized coal, a reduced flame formed in the periphery of the burning flame by inner peripheral air, and a high 
temperature flame formed around the reduced flame by blowing secondary air. 

The pulverized coal fired furnace becomes large in size with increasing of the capacity. In a 1050 MW dass pulver- 

45 ized coal fired boiler, the width of the furnace is 31 m and the depth of the furnace is 16 m. In a 1400 MW class pulver- 
ized coal fired boiler, the width of the furnace is 34 m and the depth of the furnace is 18 m. 

Table 2 shows main specification of a 1050 MW steam turbine operating at steam temperature of 625 ''C. The tur- 
bine of this embodiment is of cross-compound 4 flow exhaust type, a blade length in the last stage of the low pressure 
steam turi^ine being 43 inches, the high pressure steam turbine and the intermediate pressure steam turisine rotating 

so at speed of 3600 r/min, the two low pressure steam turbines rotating at speed of 1800 rAnin, the high temperature com- 
ponents being constructed of the main materials shown in the table. The high pressure (HP) turbine is operated at 
steam temperature of 625 ^'C and pressure of 250 kg/cm^. The intermediate pressure (IP) turbine is operated at steam 
temperature of 625 ''C by being heated with the reheater and pressure of 1 70 to 1 80 kg/cm^. Steam having temperature 
of 450 ""C enters into the low pressure (LP) turbines and is exhausted to the condenser with a temperature of below 100 

55 ''C and pressure of 722 mmHg. 
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Table 2 









5 


1 UnDllNC Or ecu 


'^Rnn/1 Ann r/min 




STEAM CONDITION 


24.1 MPa • 625«C/625»C 




CONSTRUCTION OF TURBINE 


Shown In FIG. 15 


10 


FIRST ST/«3E BLADE 


Double Row 




CONSTRUCTION 


2 Tenon Tangential Entry Dovetail Blade 




LAST-STAGE BLADE 


Titanium Alloy 43 inch Length Blade 


IS 


TOTAL LENGTH OF TURBINE 


HP-IP:13.2m. LP-LP:22.7m 


MAIN STEAM STOP VALVE BODY, and STEAM CONTROL 
VALVE BODY 


High Strength 12Cr Forged Steel 




HIGH PRESSURE ROTOR 


High Strength l2Cr Forged Steel 


20 


IMTPRMPniATP PRP<%fillRP ROTOR 


Hinh j^rpnnth 1 9C.r PnrnpH 5^ppI 


1 CiVJ PPPQQI IPP ROTOR 


Qi mar^laon tuno ^ ^KIt-Or-h4n-\/ PnrnoH Qfaol 
OUpci^iedii i/po o.^iNi'V/i'iviu V 1 uiyeu oicci 




ROTATING BLADE IN 


Rrst stage, High strength i20r 




MIOM TFMPFRATI IRF PORTION! 




25 


i-IiON PRPQQI IRP ROTOR 






CHAMBER INNER 


High Strength 9Cr Cast Steel 




OUTER 


High Strength Cr-Mo-V-B Cast Steel 


30 


INTERMEDIATE PRESSURE 






ROTOR CHAMBER INNER 


High Strength 9Cr Cast Steel 




OUTER 


High Strength Cr-Mo-V-B Cast Steel 




THERMAL EFFICIENCY (RATED. GENERATOR OUTPUT) 


47.1% 


35 


(CC4F-43:Cross-Compound 4 ftow Exhaust Type, employing 43 inch length blades; HPiHigh Pressure Portion; 
IP:lntermediate Pressure Portion; LP:Low Pressure Portion; R/H:Reheater (Boiler)) 



40 FIG.1 is a cross-sectional view showing the construction of a high pressure steam turbine. The high pressure 
steam turbine comprises a high pressure inner rotor chamber 18, a high pressure outer rotor chamber 19 arranged in 
the outside of the high pressure inner rotor chamber, and a high pressure rotor shaft 23 having high pressure rotating 
blades 16. The high temperature and high pressure steam desaibed above is generated by the boiler, fbws through a 
main steam pipe, a flange and an elbow 25 composing a main steam inlet, and is guided to double flow rotating blades 

45 In the first stage from a nozzle box 38 through the main steam inlet 28. The first stage is of double flow construction and 
eight stages are provided in the one side. Fixed blades are provided corresponding to the rotating blades in each of the 
stages. The rotating blade is of tangential entry dovetail type, double-tenon and has a first stage blade length of nearly 
35 mm. The length between bearings is approximately 5.25 m, and the minimum diameter of the rotor shaft at a portion 
conresponding to the f ixed tAade portion is approximately 620 mm, and the ratio of the length to the diameter is approx- 

so imately 8.5. 

In FIG.1, number 1 repesents a first bearing, 2 a second bearing, 5 a thrust bearing, 10 a first shaft packing. 1 1 a 
second shaft packing, 14 a high pressure spacer, 26 a front side bearing kx>x, 30 a high pressure steam outiet port, and 
39 a thrust bearing wearing preventing unit. 

The width of implanting portion of rotating blade in the first stage of the rotor shaft is nearly equal to the widtii of 
55 implanting portion of rotating blade in the last stage. The width of implanting portion of rotating blade decreases step- 
wise in five steps of tfie second stage, tiie ttiird stage to the fifth stage, the sixth stage and the seventii stage to the 
eighth stage as toward tiie downstream side. The width in tiie shaft direction of implanting portion of rotating blade in 
the second stage is 0.64 time as small as that in the last stage. 

The diameter of the rotor shaft is small in the portion corresponding to the fixed blade portion. The width in tiie shaft 
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direction of the small diameter portion is decreased compared to the width between the rotating blade in the second 
stage and the rotating blade in the third stage stepwise up to the width between the rotating blade in the last stage and 
the rotating blade in the precedent stage, and the latter width is 0.86 times as small as the former width. The width is 
decreased in two steps, that Is. from the second stage to the sixth stage and from the seven stage to the ninth stage. 

5 The blades in this embodiment are made of 12 Cr steel not containing W, Co. B except for the blades in the first 
stage and the nozzle which are made of the material shown in Table 3 to be described later. The Wade lengths of the 
rotating blade in this emlxxjiment are 35 to 50 mm in the first stage, and increases gradually from the second stage to 
the last stage. The blade lengths are from 65 mm to 210 mm in the second stage to the last stage and number of the 
stages is 9 to 12, varying depending on output of the steam turbine. Ratio of the blade length in a stage to the blade 

10 length in the adjacent stage is 1.10 to 1.15, and the ratio gradually increases as the stage approaches to the down- 
stream side. 

The diameter of the rotor shaft in a portion implanting the rotating blade is larger than the diameter in a portion cor- 
responding to the fixing blades, and the width in the shaft direction of the implanting portion is larger as the blade length 
of the rotating blade is long. Ratio of the width to the blade length of the rotating blade is 0.65 in the second stage to 
75 0.95 in the last stage, and decreases stepwise from the second stage to the last stage. 

Further, each width of the rotor shaft in a portion corresponding to each portion of the fixed blades decreases step- 
wise from the portion between the second stage and the third stage to the portion between the last stage and the prec- 
edent stage. Ratio of the width to the blade length of the rotating blade is 0.7 to 1 J, and decreases from the upstream 
side to the downstream side. 

20 FIG.2 is a cross-sectional view showing the construction of an intermediate pressure steam turtwne. The interme- 
diate pressure steam turbine rotates the generator, together with the high pressure steam turbine, using steam heated 
the steam exhausted from the high pressure steam turbine again up to 625 '^C by the reheater, and Is rotated at speed 
of 3600 rotation/minute. The intermediate pressure steam turbine comprises an intermediate pressure inner rotor 
chamber 21 and an outer rotor chamber 22. and fixed trfades are provided corresponding to intermediate pressure 

25 rotating blades 1 7. The rotating blades are composed of 6 stages and of double flow construction, and are provided in 
right hand side and left hand side nearly symmetrically in the longitudinal direction of the intermediate pressure rotor 
shaft. The length between the centers of bearings is approximately 5.5 m, and the blade length in the first stage is 
approximately 92 mm and the blade length in the last stage is approximately 235 mm. The dovetail is of inverse Christ- 
mas tree-shape. The diameter of the rotor shaft at a portion corresponding to the fixed blade portion in the just 

30 upstream side of the rotating blade in the last stage is approximately 630 mm, and the ratio of the length between the 
bearings to the diameter is approximately 8.7. 

In FIG.2. number 3 represents a third bearing, 4 a fourth bearing. 12 a third shaft packing. 1 3 a fourth shaft packing. 
15 an intermediate pressure spacer, 20 an Intermediate pressure first rotor chamber. 24 an intermediate pressure tur- 
bine rotor shaft, 29 a re-heating steam inlet port. 30 a high pressure steam outlet port. 31 a crossover pipe, and 40 a 

35 warming steam inlet. 

In the rotor shaft of the intermediate pressure steam turbine of the present embodiment, the width in the shaft direc- 
tion of implanting portion off rotating blade increases stepwise in three steps of the first stage to the fourth stage, the 
fifth stage and the last stage. The width in the last stage is approximately 1 .4 time as large as that in the first stage. 
The diameter of the rotor shaft of this steam turbine is small in the portion corresponding to the fixed blade portion. 
40 The width of the small diameter portion is decreased stepwise in four steps, from the first stage, the second stage and 
the third stage, to the last stage, and the latter width is approximately 0.7 times as small as the former width. 

The blades in this embodiment are made of 12 Cr steel not containing W. Co. B except for the blades in the first 
stage and the nozzle which are made of the material shown in Table 3 to be described later. The blade lengths of the 
rotating trades in this embodiment increase gradually from the first stage to the last stage. The blade lengths are from 
45 90 mm to 350 mm in the first stage to the last stage and number of the stages is 6 to 9, varying depending on output of 
the steam turbine. Ratio of the blade length in a stage to the blade length in the adjacent stage is 1 .1 to 1 .2. and the 
ratio gradually increases as the stage approaches to the downstream side. 

The diameter of the rotor shaft in a portion implanting the rotating blade is larger than the diameter in a portion cor- 
responding to the fixing blades, and the width In the shaft direction of the implanting portion is larger as the blade length 
50 of the rotating blade is long. Ratio of the width to the blade length of the rotating blade is 0.5 in the first stage to 0.7 in 
the last stage, and decreases stepwise from the first stage to the last stage. 

Further, each width of the rotor shaft in a portion corresponding to each portion of the fixed blades decreases step- 
wise from the portion between the first stage and the second stage to the portion between the last stage and the prec- 
edent stage. Ratio of the width to the blade length of the rotating blade is 0.5 to 1 .5. and decreases from the upstream 
55 side to the downstream side. 

FIG.3 is a cross-sectional view showing a low pressure steam turbine. Two low pressure steam turbines are con- 
nected in tandem and have the same construction. The low pressure steam turbine has 8 stages of rotating blades 41 
in each of right hand side and left hand side, the both are arranged nearly symmetrically, and fixed blades 42 are pro- 
vided corresponding to the rotating blades. The rotating blades in the last stage have a length of 43 inches and are 



18 



EP0767 250A2 



made of a Tl base alloy. The rotating blade has double-tenon and tangential entry dovetail, and a nozzle box 44 is of 
double flow type. The Ti base alloy is performed with ageing treatment and contains Ai of 6 % and V of 4 % in weight. 
The rotor shaft 45 is made of a forged steel having totally annealed bainitic structure of super-clean material containing 
Ni of 3.75 %. Cr of 1 .75 %, Mo of 0.4 %. V of 0. 1 5 %, C of 0.25 %, Si of 0.05 %. Mn of 0. 1 0 % and the remainder of Fe. 

5 The rotating blades and the fixed blades except those in the last stage are made of 12% Cr steel containing Mo of 0.1 
%. The length between the centers of bearings 43 in this embodiment is 7500 mm. the diameter of the rotor shaft in a 
portion corresponding to the fixed blade position is approximately 1280 mm, the diameter of the rotor shaft in a portion 
of the rotating blade implanting position is 2275 mm. The ratio of the length between the bearings to the diameter of the 
rotor shaft is approximately 5.9. 

10 In the rotor shaft of the low pressure steam turbine of the present embodiment, the width in ttie shaft direction of 
implanting portion of rotating blade increases stepwise in four steps of the first stage to the third stage, tiie fourth stage, 
the fifth stage, tiie sixth stage to the seventh stage and the eightii stage. The width in the last stage is approximately 
2.5 time as large as that In tiie first stage. 

The diameter of the rotor shaft of tiiis steam turbine is small in the portion corresponding to ttie fixed blade portion. 

IS The widtii of the small diameter portion is decreased stepwise in three steps, from the first stage to the f iftii stage, the 
sixth stage, to tiie seventh stage, and the latter width is approximately 1.9 times as small as tiie former width. 

The blade lengttis of the rotating blades in this embodiment increase gradually from tiie first stage to ttie last stage. 
The blade lengths are from 90 mm to 1270 mm in tiie first stage to ttie last stage and number of the stages is 8 to 9, 
varying depending on output of the steam turbine. Ratio of the blade length in a stage to the blade length in tiie adjacent 

20 stage is 1 .3 to 1 .6. and the ratio gradually increases as the stage approaches to the downstream side. 

The diameter of tiie rotor shaft in a portion irrplanting ttie rotating blade is larger than tiie diameter in a portion cor- 
responding to the fixing blades, and the widtii in the shaft direction of tiie irrplanting portion is larger as tiie blade length 
of the rotating blade is long. Ratio of the width to the blade lengtti of tiie rotating blade is 0.15 in the first stage to 0.91 
in ttie last stage, and decreases stepwise from the first stage to tiie last stage. 

25 Furtiier. each width of the rotor shaft in a portion corresponding to each portion of tiie fixed blades decreases step- 
wise from tiie portion between tiie first stage and the second stage to tiie portion between ttie last stage and the prec- 
edent stage. Ratio of the width to the blade length of tiie rotating blade is 0.25 to 1 .25. and decreases from the upstream 
side to the downstream side. 

In addition to this embodiment, the same construction can be applied to a 1000 MW class large capacity power 

30 plant in which tiie steam inlet temperature to the high pressure steam turbine and the intermediate pressure steam tur- 
bine is 610 **C and the steam inlet temperature to the two low pressure steam turbines is 385 **C. 

FIG.4 is a diagram showing the typical consti-uction of a coal fired high temperature high pressure steam turbine 
power plant. The high temperature high pressure steam turbine power plant of this embodiment mainly comprises a 
coal alone fired boiler 51 . a high pressure steam turbine 52, an intermediate pressure steam turbine 53. a low pressure 

35 steam turbine 54. a low pressure steam turbine 55. a condenser 56, a condensate pump 57. a low pressure feed water 
heater system 58, a deaerator 59. a pressurizing pump 60. a feed pump 61 , and a high pressure feed water heater sys- 
tem 63. That is, ultra-high temperature high pressure steam generated in the boiler 51 enters into the high pressure tur- 
bine 52 to generate power, and after being reheated in the boiler 51 the steam again enters into the intermediate 
pressure steam turbine 53 to generate power. The steam exhausted from the intermediate pressure steam turbine 

40 enters tiie low pressure steam turbines 54, 55 to generate power, and then is condensed in the condenser 56. The con- 
densed water is pumped to tiie low pressure feed water heater system 58 and tiie deaerator 59 by ttie condensate 
pump 57. The water deaerated in ttie deaerator 59 is transmitted to ttie high pressure water heater system 63 by tiie 
pressurizing punp 60 and ttie feed pump 61. and after being heated ttie feed water is returned to the boiler 51 . 

Here, in the boiler 51, the feed water Is turned to a high temperature high pressure steam by passing tiirough an 

4S economizer 64. an evaporator 65 and a super heater 66. On tiie ottier hand, boiler burned gas having heated the steam 
flows out of the economizer 64 and then enters into an air heater 67 to heat air. Therein, the feed water pump 61 is 
driven by a feed water pump driving turbine which is operated by extraction stem from the intermediate pressure steam 
turbine. 

In ttie high pressure high temperature steam turbine plant having such a construction, since tiie temperature of the 
50 feed water flowing out of the high pressure feed water heater system 63 is higher than the feed water temperature in a 
conventional thermal power plant, the temperature of the burned gas flowing out of tiie economizer 64 in the IxDiler 51 
is accordingly substantially higher than that in a conventional tiiermal power plant. Therefore, heat is recovered from 
the boiler exhausting gas so that the gas temperature is not reduced. 

In addition to this embodiment, it is possible to apply ttie above rotor shaft to a tandem compound type power plant 
55 constructed by connecting the high pressure steam turbine, the Intennediate pressure steam turbine and the two low 
pressure steam turbines which rotate a single generator 68 to generate electricity. In a 1050 MW class generator as in 
this embodiment, a higher sfa'ength material is used for the generator shaft. Particularly, it is preferat)le that the material 
has totally annealed bainitic structure containing C of 0.15 to 0.30 %, Si of o.l to 0.3 %, Mn of not more than 0.5 %, Ni 
of 3.25 to 4.5 %. Cr of 2.05 to 3.0 %. Mo of 0.25 to 0.60 %. V of 0.05 to 0.20 %. and having a tensile strengtti at room 
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temperature of not smaller than 93 kg/mm^. more preferably not smaller than 1 DO kg/mm^, 50% FATT of not higher than 
0 »C, more preferably not higher than -20 'C, a magnetizing force at 21.2 kG of not larger than 985 AT/cm. a total 
amount of impurities of P. S. Sn, Sb. As of not more than 0.025 %, a ratio Ni/Cr of not more than 2.0. 

FIG.5 is a front view showing a high pressure steam turbine rotor shaft and FIG.6 is a front view showing an Inter- 
mediate pressure steam turbine rotor shaft. The high pressure steam turbine rotor shaft has an implanting portion for 
the first stage blade in the multi-stage side In the middle of the shaft, and 8 stages of blades are implanted. In the inter- 
mediate pressure steam turbine rotor shaft, blade implanting portions are provided In the right hand side and in the left 
hand side from nearly the middle of the rotor shaft so that multi-stages of blades each having 6 stages may be nearly 
symmetrically irrplanted. Although a low pressure steam turbine rotor shaft is not shown in the figure, all the high pres- 
sure, intermediate pressure and low pressure rotor shafts each have a center hole through which presence or absence 
of defects Is inspected by ultrasonic inspection, visual inspection or fluorescent penetrant inspection. 

In FIGs.5 and 6, number 27 represents a journal unit. 

Table 3 shows chemical composition (weight %) of materials used for the main components of the high pressure 
steam turbine, the intermediate pressure steam turbine and the low pressure steam turbine in this embodiment. In tiiis 
embodiment, since all high temperature portions of the high pressure steam turbine rotor shaft and the intermediate 
pressure rotor shaft were made of materials having ferritic aystal structure and themial expansion coefficient of 1 2x1 0" 
®/*C, there occurred no problem due to difference in the thermal expansion coefficients. 

The high pressure steam turbine rotor shaft and the intermediate pressure steam turbine rotor shaft were manufac- 
tured by melting the heat resisting steel of 30 ton described in Table 3 using an electric furnace, deoxidizing by cartx)n 
vacuum deoxidation, casting into a metal mold, forging to form an electrode, remelting the electrode of cast steel so as 
to be melted from tiie upper portion to tine lower portion through electroslug remelting. and forging to form in a rotor- 
shape (1 050 mm maximum diameter, 5700 mm length). The forging was performed at a temperature below 1 1 50 ^'C in 
order to prevent occurrence of forging cracks. After annealing heat treatment, the forged steel was heated at 1050 '^C 
and cooling by water spray cooling quenching treatment, and annealing twice at a temperature 570 *C and at a tenper- 
ature 690 **C, and then machining to form in tiie shapes shown in FIG.5 and FIG.6. In this embodiment the upper side 
portion of the electroslug ingot was used for tfie first stage blade side and the lower portion was used for tiie last stage 
blade side. 

The high pressure steam turbine blades and nozzles and tiie intermediate pressure steam turbine blades and noz- 
zles were manufactured by melting the heat resisting steel described in Table 3 using a vacuum arc melting furnace, 
and forging to form in a blade workpiece shape and a nozzle workpiece shape (150 mm wkle. 50 mm height, 1000 mm 
length). The forging was performed at a temperature below 1 1 50 "^C in order to prevent occun-ence of forging cracks. 
The forged steel was heated at 1 050 •C, and tiien cooling-by-oil-quenched, annealed at a temperature 690 'C, and then 
machined to form in desired shapes. 

The high pressure steam turbine and the intermediate pressure steam turbine inner casings, main steam stop valve 
casings and steam control valve casings were manufactured by melting the heat resisting steel described In Table 3 
using an electric furnace, degassing by ladle refining, and then casting a sand mold. By performing suffident refining 
and deoxidizing before casting, casings without cast defects such as shrinkage cavity couW be obtained. The weWabil- 
Ity evaluation using these casing materials was performed based on J IS Z3158. Temperatures for preheating, inter- 
pass and initiation of post-heating were set to 200 *C and post-heating treatment was performed in a condition of 400 
*'C X 30 minutes. No welding cracks were observed in tiie materials according to the present invention, and the wekia- 
bility was excellent. Oxygen content of the heat resisting steel according to tiie present invention was 0.0042 %. 
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Table 4 shows mechanical properties by cutting tests of the ferritic steels for high temperature steam turbine main 
components and the heat treatment conditions. 

As the result of testing the central portion of the rotor shafts, it was confirmed that the characteristics required for 
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the high pressure and intermedrate pressure steam turbine rotors {625'*C. 10^ h strength ^ 13 kgf/mm^, 20*C impact 
absorption energy ^ 1 .5 kg-m) was satisfied. Thus, it is confirmed that it is possible to manufacture a steam turbine rotor 
capable of operating in the steam having a temperature of above 620 ""C. 

As the result of testing the blades, it was confirmed that the characteristics required for the high pressure and inter- 
mediate pressure steam turbine blade in the first stage (625'*C. 10® h strength ^ 15 kgt/mm^) was satisfied. Thus, it is 
confirmed that it is possible to manufacture a steam turbine blade capable of operating in the steam having a tenpera- 
ture of above 620 ^'C. 

As the result of testing the casings, rt was confirmed that the characteristics required for the high pressure and 
intermediate pressure steam turbine casings (625**C, 10^ h strength ;^ 10 kgf/mm^, 20**C impact absorption energy ^ 1 
kg-m) was satisfied. Thus, it is confirmed that it is possible to manufacture a steam turbine casing capable of operating 
in the steam having a temperature of above 620 ""C. 
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FIG7 is a graph showing the relationship between 10^ hour creep rupture strength for the rotor shaft materials and 
temperature. It can be understood that the materials according to the present invention has a sufficient creep rupture 
strength at 610 to 640 °C. Therein, the 12 Cr rotor material is a conventional material not containing B, W, Co. 

In this embodiment, the journal portion of the rotor shaft was performed with build-up welding of Cr-Mo low alloy 
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steel in order to improve the bearing characteristic. The build-up welding was perlbrmed in a manner as follows. 

A sheathed arc welding rods (4.00 diameter) were used as the test welding rods. Table 5 shows chemical compo- 
sitions (weight %) of deposited metals welded using the welding rods. The composition of the deposited metals were 
nearly the same as the composition of the welded material. 
5 The welding condition was that welding current was 1 70 A, voHage was 24 V and speed was 26 cm/mln. 



Tables 



No. 


C 


Si 


Mn 


P 


S 


Ni 


Cr 


Mo 


Fe 


A 


.06 


.45 


.65 


.010 


.011 




7.80 


0.50 


Re 


B 


.03 


.65 


.70 


-009 


.008 




5.13 


0.53 


Re 


C 


.03 


.79 


.56 


.009 


.012 


.01 


3.34 


1.04 


Re 


D 


.03 


.70 


.90 


.007 


.016 


.03 


1.30 


0.57 


Re 


Re: remainder 



20 Eighth layers of build-up welding was performed on the surface of the test base material described above combin- 
ing the used welding rods for each of the layers, as shown in Table 6. The thickness of each of the layers was 3 to 4 
mm, and the total thickness was approximately 28 mm, and the surface was ground by approximately 5 mm. 

The welding work condition was that temperatures for preheating, inter-pass and initiation of stress release anneal- 
ing (SR) were set to 250 to 350 and SR treatment condition was 630 x 36 hours holding. 

25 All of Test piece No.1 , No.2 and No.3 are based on the present invention, and the layers after the fifth layer are 
welded using the welding rod having composition of No.C or No.D, as shown in Table 6. 



Table 6 



TP NO. 


LAYER 1 


LAYER 2 


LAYERS 


LAYER 4 


LAYERS 


LAYER 6 


LAYER 7 


LAYERS 


1 


A 


B 


C 


C 


C 


0 


C 


C 


2 


B 


C 


D 


D 


D 


D 


D 


D 


3 


A 


B 


C 


D 


D 


D 


D 


D 


TP NO.: test piece No. Roman character indicates kind of welding rod used. 



40 In order to confirm performance of welded portion, a 1 60" side bending test was conducted on a plate material on 
which the same build-up welding was performed. As a result, there was observed no crack in the welded portion. 

Further, a bearing sliding test was conducted by rotating the shaft according to the present invention. As a result, 
there was ol^erved no ill effect on the bearing, and the bearing was excellent in oxidation resistivity. 

In addition to this embodiment, it is possible to apply tiie above bearing to a tandem compound type power plant 

45 constructed by connecting the high pressure steam turbine, the intermediate pressure steam turbine and tiie two low 
pressure steam turbines which rotate a single generator to generate electricity. 

Table 7 shows chemical composition of the Ni base deposition strengthening alloy used for the rotating blades up 
to the third stage in tiie high pressure steam turb'ne and the rotating blades in the first stage in the intermediate pres- 
sure steam turbine operated by steam having a temperature above 640 These alloys were obtained by hot forging 

so after manufacturing an Ingot through vacuum arc remelting, performing solution ti^eatment at a temperatijre of 1070 to 
1200 ''C for 1 to 8 hours depending on tiie alloy composition and being cooled by air after heating, and then performing 
ageing treatment by heating at a temperature 700 to 870°C for 4 to 24 hours. 

The high strength martensitic steel according to the present invention was used for the blades in the forth stage and 
the fifth stage in tiie high pressure steam turbine and blades in tiie second stage and the third stage in the intermediate 

55 pressure steam turbine. In addition to this embodiment, it is possible that tiie aforementioned Ni base alloy is used for 
the blades in the first stages in the high pressure steam turbine and the intermediate pressure steam turbine operated 
steam having a temperature of 610 to 638 ""C, and the high strength martensitic steel according to the present invention 
is used for the blades in the second stage and the third stage of the high pressure steam turbine and the blades in the 
second stage of in the intermediate pressure steam turbine. 
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(Embodiment 2) 

Rods were manufactured by melting alloys having components shown in Table 8 through vacuum induction melting. 
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casting to form 10 kg ingots, and then forging to form the rods having cross section of 30 mm square. Table 9 showvs 
the relation of ratios of the components. In a case of simulating a large steam turbine rotor shaft, in order to simulate 
the central portion of the rotor shaft, the rod was performed with quenching of 1050 *'C x 5 h, and primary annealing of 
570 X 20 h, and second annealing of 690 ''C x 20 h. In a case of simulating a blade, the rod was performed with 
quenching of 1 100 ^'C x 1 h and 100 ""C/h cooling, and tempering of 750 *'C x 1 h. Then, creep rupture test was con- 
ducted in the condition of 625 and 30 kgf/mm^. The results are shown in Table 7 together with the compositions of 
the alfoys. 

It can be understood from Table 8 that creep rupture life of the alloys No.1 to No.9 according to the present invention 
is very long compared to that of the reference alloy No. 10. 

The alloy No. 10 among the reference alloys is an alfoy in which Co is removed from the alloy according to the 
present invention. 

FIG.8 is a graph showing the relationship between creep rupture time and amount of Co. FIG.9 is a graph similarly 
showing the relationship between creep rupture time and amount of B. As shown in the figure, the creep rupture time 
is increased as the content of Co is large. However, when the content of Co is excessively increased, temper embrittle- 
ment is apt to occur by being heated at 600 to 660 °C. Therefore, in order to increase both of the strength and the tough- 
ness, it is preferable that the content of Co is 2 to 5 % for 620 to 630 ""C. and the content of Co is 5.5 to 8 % for 630 to 
660 •C. 

As shown in the figure, when the content of B is increased, the strength shows to be decreased, and the excellent 
strength is shown when the content of B is below 0.03 %. High strength can be attained by adjusting the content of B 
to 0.001 to 0.01 % and the content of Co to 2 to 4 % for 620 to 630 "C, and the content of B to 0.01 to 0.03 % and the 
content of Co to 5 to 7.5 % for 630 to 660 '^C. 

It is revealed that when the temperature exceeds 600 *C in the present embodiment the strength becomes high as 
the content of N is decreased, that is, the strength of No.2 is higher than that of No.8 having a lager amount of N. It is 
preferable that the content of N is 0.01 to 0.04 %. Since element N is little contained in a case of performing vacuum 
melting, the element is added by the base alloy. 

As shown in Table 8. it is dear that all of the alloys according to the present invention show high strengths, as 
shown FIG.7 of Embodiment 1. The rotor material shown in EmixxJiment 1 is corresponding to the alloy No.2 in this 
embodiment. 

As shown in FIG. 9, the alloy No.8 having as a small amount of Mn as 0.09 % shows higher strength compared to 
the alloy having the same amount of Co. Therefore, in order to further strengthen, it is preferable that the content of Mn 
is adjusted to 0.03 to 0.20 %. 
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TABLE 9 



5 



10 



IS 



20 



NO. 


D • Kl 
D+N 


IM/D 


R/Hn 


\,J\JI IVI w 


Co/Nb 


1 




1 7Q 




14.3 


23.9 


2 




i 7Q 




19.1 


31.9 


o 

o 




I.OU 








4 


U.04D 










5 


0.054 


1 /.o 


U.Uu lU 


14.9 


27.1 


6 


0.0 


1 R7 








7 


0.048 


1.40 


0.0072 


8.7 


18.5 


8 


0.057 


1.59 


0.0073 


11.1 


37.6 


9 


0.052 


1.89 


0.0052 


24.6 


57.5 


10 


0.039 


2.00 








11 


0.038 


1.11 


0.0071 


11.0 


36.1 


12 


0.046 


3.18 


0.0044 


12.6 


50.2 


13 


0.028 


1.80 


0.0040 


12.5 


41.7 
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(Embodiment 3) 

Table 1 0 shows chemical compositions (weight %) of inner casing materials according to the present invention. The 
test piece was manufactured, assuming thick thickness portions of a large sized casing, by melting a raw matenal of 
200 kg using a high frequency induction melting furnace, casting the melted steel into a sand mold having maximum 
thickness of 200 mm. width of 380 mm and height of 440 mm to produce an ingot. The test pieces No.3 to Na7 are 
materials of the present invention, and the test pieces No.1 and No.2 are conventional matenals. The test pieces No.1 
and No 2 are Cr-Mo-V cast steel and 1 1 Cr-1 Mo-V-Nb-N cast steel which are used for existing turbines. The test pieces 
were performed with annealing treatment of 1050»Cx8 h and furnace cooling, and then being heat treated (normalizing 
treatment and tenpering treatment), simulating a thtek thickness portion of a large steam turbine casing under the fol- 
lowing condition. 



40 Test piece No.1: 



45 



1050°Cx 8 hair cooling 

710*0x7 hair cooling 
710'Cx 7 hair cooling 



Test pieces No.2 to No.7: 



1050''Cx8hair cooling 
710*Cx7hair cooling 
so 710**Cx 7 hair cooling 

Tlie weldability evaluation using these casing materials was performed based on JIS Z31 58. Temperatures for pre- 
heating, inter-pass and initiation of post-heating were set to 200 *C and post-heating treatment was performed in a con- 
dition of 400 ^'C X 30 minutes. 

55 
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55 Table 1 1 shows the results of tensile characteristic at room temperature, Charpy V-notch impact absorption energy 
at 20*C, creep rupture strength at 650'*C. 10^ h and welding crack test. 

The creep rupture strength and the impact absorption energy of the materials according to the present invention 
(No.3. 4, 6-9) added with proper amount of B, Mo and W sufflcientiy satisfy the characteristics (625**C, 10^ h strength ^ 
8 kgf/mm^. 20''C impact absorption energy ^ 1 kg-m) required for the high temperature high pressure steam turbine 
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casing. Particularly, the alloys No.3. No.6 and No.7 show high values of the strength of above 9 kgfAnm^ and the inpact 
value of above 3.2 kgf-m. Further, no welding crack was observed in the material according to the present invention, 
that is, the weldability was excellent. As the result of studying the relation between the content of B and occun-ence of 
welding crack, when the content of B exceeded 0.0035 %, welding cracks took place. There was some possibility to 

5 occur a few cracks in the alloy No.3. As the effect of element Mo on the mechanical properties, the alloy containing Mo 
as high as 1.18 % was low in impact value and could not satisfy the required toughness though the creep rupture 
strength was high. On the other hand, the alloy containing Mo of 0. 11 % was low in creep rupture strength and could 
not satisfy the required strength though the toughness was high. 

As the result of studying the effect of element W on the mechanical properties, when the content of W was above 

10 1.1%. the creep rupture strength was substantially increased. However, when the content of W was above 2 %. the 
impact absorption energy at room temperature was decreased. Especially, by adjusting the ratio Ni/W to 0.25 to 0.75, 
It is possible to obtain a heat resisting cast steel casing material having a creep rupture strength at 625 'C for 10® h of 
above 9 kgf/mm^ and an impact absorption energy at room temperature of above 1 kgf-m which are required for the 
high pressure and the intermediate pressure inner casings and the main steam stop valve and the control valve casings 

IS of the high tennperature high pressure steam turbines operated under condition of a temperature above 621 ""C and a 
pressure above 250 kgf/cm^. Especially, by adjusting the content of W to 1 .2 to 2 % and the ratio Ni/W to 0.25 to 0.75, 
it is possible to obtain an excellent heat resisting cast steel casing material having a creep rupture strength at 625 ""C 
for 10® h of above 10 kgf/mm^ and an impact absorption energy at room temperature of above 2 kgf-m. 

20 

Table 11 



25 



30 



TP 


TENSILE 
STRENGTH 
(kg/mm^) 


ELONGATION 
(%) 


CONTRAC- 
TION (%) 


IMPACT 
ABSORPTION 
ENERGY (kg- 
m) 


625*'C. lO^h^ 
CREEP RUP- 
TURE 
STRENGTH 
(kg/mm^ 


OCCUR- 
RENCE OF 
WELDING 
CRACK 


1 


67.4 


22.3 


68.5 


2.1 


3 


NO 


2 


71.0 


18.0 


59.9 


1.9 


6 


NO 


3 


72.8 


19.7 


64.8 


2.1 


9.7 


YES 


4 


72.6 


20.9 


65.8 


4.1 


10,5 


NO 


5 


70.8 


20.3 


62.7 


4.5 


8.8 




6 


73.5 


20.8 


64.8 


4.4 


10.5 


NO 


7 


73.7 


22.0 


65.3 


5.3 


10.8 


NO 


TP: test piece 



40 

FIG. 10 is a graph showing the relationship between creep rupture strength and amount of W. As shown in the fig- 
ure, the creep rupture strength can be substantially increased by adjusting the content of W above 1 .0 %. and particu- 
larly the CTeep rupture strength can be inaeased above 9.0 kg/mm^ when the content is above 1 .5 %. 
45 FIG.1 1 is a graph showing the relationship between 10® hour creep rupture strength and rupture temperature. The 
cast steel No.7 according to the present invention sufficiently satisfies the required strength at a temperature below 640 

The high pressure and the Intermediate pressure Inner casings described in Embodiment 1 and the main steam 
stop valve 69 and tiie control valve 70 connected tiiereto by weWIng 71 as shown In FIG. 12 were obtained by melting 
so a raw alloy material of 1 ton having the target conposition for the heat resisting cast steel according to the present 
invention using an electric furnace, degassing by ladle refining, and then casting in a sand mokt. 

The above cast steel was performed with annealing heat treatment of 1050*'Cx 8 h furnace cooling, normalizing 
treatment of 1050*'Cx 8 h air blowing cooling, and twice of annealing of 730**Cx 8 h furnace cooling. The test casing 
having totally annealed martensitic structure was Inspected by cutting. As the result, it was confirmed that the cast steel 
55 satisfied the characteristics (625*C, 1 0® h strengtii ^ 9 kgf/mm^, 20*C impact absorption energy ^ 1 l^-m) required for 
the high temperature high pressure steam turbine casing used under a pressure of 250 atmospheric pressure and at a 
temperature of 625 ""C. and was wekJable. 

Table 12 and Tat)le 13 show chemical compositions of test pieces used in the various tests described above. The 
test piece was manufactured in assuming tiiick thickness portions of a large sized casing by melting a raw material of 
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200 kg using a high frequency induction melting furnace, casting the melted steel into a sand mold having maximum 
thickness of 200 mm, width of 380 mm and height of 440 mm to produce an ingot. The test pieces No.8 and No.9 in 
Table 13 are reference materials, and the test pieces No. 10 to No.12 are materials of the present invention. 
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Table 13 



No. 


TENSILE 
STRENGTH 
/kof/mm^) 

^r\yi#l 1 II 1 1 f 


ELONGATION (%) 


CONTRACTION 
(%) 


IMPACT ABSORP- 
TION ENERGY 


625'»C.10^h CREEP 
RUPTURE 

QTRPKK^TH 
o 1 nciNO 1 n 

(kgf/mm^) 


8 


71.9 


20.1 


60.5 


0.35 


6.1 


9 


72.1 


19.6 


54.7 


0.50 


7.8 


10 


71.8 


22.3 


65.4 


1.10 


9.5 


11 


71.5 


21.9 


65.6 


3.90 


10.9 


12 


72.0 


23.0 


66.6 


5.80 


10.7 



Each of the test pieces was performed with annealing treatment of 1 0SCCxS h and furnace cooling, and then being 
heat treated (normalizing treatment and tempering treatment) simulating a thick thickness portion of a large steam tur- 
20 bine casing under the following condition. 

Test pieces No.8 to No. 12: 



25 1 050*C X 8 h air cooling 
720*C X 7 h air cooling 
720''C X 7 h furnace cooling 

The weldability evaluation using these casing materials was performed based on JIS Z3158. FIGs. 13(a) to 13(c) 
30 shows the test piece shape and size. Temperatures for preheating, inter-pass and initiation of post-heating were set to 
150 ''C and post-heating treatment was performed in a condition of 400 °C x 30 minutes. 

FIG.14 is a graph showing the effect of element O on the mechanical properties. When the content of O is 
increased, the creep rupture strength and the impact absorption energy are decreased. By decreasing the amount of 
O to a value lower than 0.015 %. the required strength and the required impact value can be obtained. 
35 The aeep rupture strength and the impact absorption energy of the materials No. 10 to No. 12 according to the 
present invention having proper amounts of B, Mo and W sufficiently satisfy the characteristics (625*'C, lO^h strength ^ 
9 kgf/mm^. 20*^0 impact absorption energy ^ 1 kg-m) required for the high temperature high pressure steam turbine 
casing. Further, by adding Ta of 0.08 % and 2r of 0.05 %, the toughness at 20 **C became better. Further, no weWing 
crack w^s observed in the material having a content of B below 0.0025 % according to the present invention, that is, the 
40 weldability was excellent. Welding cracks were observed in the material having a content of B alx)ve 0.003 %. As the 
effect of element Mo on the mechanical properties, the reference alloy containing Mo of akxsve 1 .5 % was low in impact 
value and could not satisfy the required toughness though the creep rupture strength was high. On the other hand, the 
reference alloy containing Mo of below 0.5 % was low in creep rupture strength and could not satisfy the required 
strength though the toughness was high. 
45 When the ratio Ni/W is increased too high, the aeep rupture strength is deaeased. On the contrary, when the ratio 
Ni/W is decreased too low, the impact absorption energy at room temperature Is decreased. By adjusting the ratio Ni/W 
to 0.25 to 0.75, it Is possible to obtain a heat resisting cast steel casing material having a creep rupture strength at 625 
**C for 10^ h of above 9 kgf/mm^ and an impact absorption energy at room temperature of above 1 kgf-m which are 
required for the high pressure and the intermediate pressure inner casings and the main steam stop valve and the con- 
so trol valve casings of the high temperature high pressure steam turbines operated under condition of a temperature 
above 621 ^'C and a pressure above 250 kgf/cm^. Especially, by adjusting the content of W to 1 .2 to 2 % and the ratio 
Ni/W to 0.25 to 0.75, It Is possible to obtain an excellent heat resisting cast steel casing material having a creep rupture 
strength at 625 ^C for 1 0^ h of above 1 0 kgf/mm? and an Impact at>sorptlon energy at room temperature of above 2 kgf - 
m. 

55 

(Enfixxiiment 4) 

In this embodiment, steam temperatures of the high pressure steam turtine add the intermediate pressure steam 
turbine are changed to 649 ''C from the 625 ''C in Errtxxiiment 1. and the construction and the size are designed in 
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nearly the same as Embodiment 1 . The different points from Embodiment 1 are the rotor shafts, the first stage rotating 
blades and the first stage fixed blades and inner casings of the high pressure and the intermediate pressure steam tur- 
bines which are directly contact to the higher tenrtperature. There is a large advantage in that the materials can satisfy 
the required strength and the conventional design can be applied only by increasing the content of B to 0.01 to 0.03 % 

5 and the content of Co to 5 to 7 % in the materials shown In Table 7 described before In regard to the materials except 
for the materials for the inner casing, and only by increasing the content of W to 2 to 3 % and adding Co of 3 % in the 
materials in Embodiment 1 in regard to the materials for the inner casing. That is. in this embodiment, although the first 
stage blades of the high pressure steam turt^ine exposed to high temperature are made of the Ni base alloy, all the oth- 
ers are made of the ferritic steel. Therefore, the conventional design concept can be directly applied. Since the steam 

{o inlet temperature to the rotating blades and the fixed blades in the second stage becomes approximately 610 ''C. K is 
preferable that the material used for the first stage in Embodiment 1 is used for the second stage. 

Further, although the steam temperature of the low pressure steam turisine is approximately 405 ""C and a little 
higher than that of approximately 380 "C in Embodiment 1, the super-clean material can be used for the rotor shaft 
because the material for the rotor shaft itself in Embodiment 1 has a sufficient strength. 

IS Further, instead of cross-compound type in this embodiment, it is possit>le to employ tandem compound type where 
all the turbines are directly connected and rotated at a speed of 3600 rpm. 

According to the present invention, since a ferritic heat resisting cast steel having a high creep rupture strength at 
625 ''C and a high toughness at room temperature can be obtained, it is possible to manufecture an ultra-super critical 
pressure steam tuibine casing used at a temperature up to 650 ""C and high temperature components of that kind using 

20 the ferritic heat resisting cast steel (material according to the present invention) instead of the conventional austenitic 
heat resisting cast steel. 

By using the heat resisting cast steel according to the present invention for a turbine casing instead of the conven- 
tional austenitic heat resisting cast steel, the turi:>ine casing can be manufactured by the same design concept. Further, 
since the ferritic heat resisting cast steel according to the present invention has a small tiiermal expansion coefficient 
2S compared to that of the austenitic heat resisting cast steel, there is an advantage in that rapid starting-up of a steam 
turbine can be easily peilormed and the turbine hardly suffers thermal fatigue failure. 

According to the present invention, a martensitic heat resisting steel and cast steel having a high creep rupture 
strengtii at a temperature of 610 to 660 °C and a high toughness at room temperature, all of tiie main components for 
an ultra-high critical pressure steam turbine operated each of tiie temperature can be manufactured using the ferritic 
30 heat resisting steel, and the conventional steam turbine basic design concept can be used as it is, and a high reliable 
thermal power plant can be obtained. 

In the past, an austenitic alloy has to be used for the components operated at such a high temperature. Therefore, 
from the standpoint of manufacturability, it is difficult to manufacture a sound large sized rotor. However, by using tine 
ferritic heat resisting forged steel according to the present invention, it is possible to manufacture a sound large sized 
35 rotor. 

Furthermore, since a high temperature steam turbine, of which most of the large sized components are made of 
the fen-itic steel according to tiie present invention, does not have an austenitic alloy having a large tiiermal expansion 
coefficient, there is an advantage in that rapid starting-up of a steam turbine can be easily performed and the turbine 
hardly suffers thermal fatigue failure. 

40 

Claims 

1. A high strength heat resisting cast steel which contains C of 0.06 to 0.16 %, Si of not more than 1 %, Mn of not 
more than 1 %. Cr of 8 to 12 %, Ni of 0.1 to 1.0 %. V of 0.05 to 0.3 %. Nb of 0.01 to 0.15 %, N of 0.01 to 0.1 %, Mo 

45 of not more tiian 1 .5 %. W of 1 to 3 %, B of 0.0005 to 0.003 % and O of not wore tiian 0.01 5 % in weight percent- 
ages. 

2. A high strength heat resisting cast steel according to daim 1 , wherein a content ratio of Ni to W, Ni/W, in the high 
strength heat resisting cast steel is 0.25 to 0.75. 

so 

3. A high strength heat resisting cast steel which contains C of 0.09 to 0.14 %. Si of not more than 0.3 %. Mn of 0.40 
to 0.70 %, Or of 8 to 10 %, Ni of 0.4 to 0.7 %, V of 0.15 to 0.25 %. Nb of 0.04 to 0.08 %. N of 0.02 to 0.06 %. Mo of 
0.40 to 0.80 %. W of 1 .4 to 1 .9 %, B of 0.001 to 0.0025 %. O of not more than 0.015 % in weight percentages and 
the remainder of Fe and inevitable impurities. 

55 

4. A high strength heat resisting cast steel according to claim 1 , which further contains at least one kind of Ta of not 
more than 0. 15 % and Zr of not more than 0.1 %. 

5. A high strength heat resisting cast steel according to claim 1 . wherein Cr equivalent calculated by the following 
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equation is 4 to 10; 

Cr equi^«lem=C^^^SMMo+1.5W+11V+5Nb-40C-30N-30B -2Mn-4NI-2Co. 

6. A high strength heat resisting cast steel according to daim 1 , wherein the aeep rupture strength under 625 ^'C for 
1 0 hours is not less than 9 kgf/mm^ and the Impact value at room temperature is not less than 3.2 l^-m. 

7. A method of manufacturing a high strength heat resisting cast steel, the method comprising the steps of melting a 
raw material having the conposition according to claim 1 using an electric furnace, degassing by ladle refining, and 
casting in a sand mold to form a cast body. 

8. A method of manufacturing a high strength heat resisting cast steel according to claim 7, the method comprising 
the steps of annealing the cast body at 1000 to 1 150 ^'C after said casting, performing normalizing treatment by 
heating at 1000 to 1 100 »C and rapidly cooling, and then tempering twice at a temperature 550 to 750 «C and at a 
temperature 670 to 770 "C. 

9. A steam turbine casing made of a cast steel which contains C of 0.06 to 0. 1 6 %. Si of not more than 1 % Mn of not 
more than 1 %. Cr of 8 to 12 %, Ni of 0.1 to 1.0 %. V of 0.05 to 0,3 %. Nb of 0.01 to 0.15 %. N of 0 01 to 0 1 % Mo 
of not more than 1 .5 %, W of 1 to 3 %. B of 0.0005 to 0.003 % and O of not more than 0.015 % in weight pert^nt- 



10. A steam turbine casing made of a cast steel according to daim 9. wherein a content ratio of Ni to W, Ni/W. in the 
high strength heat resisting cast steel Is 0.25 to 0.75. 

1 1. A steam turbine casing made of a cast steel which contains C of 0.09 to 0.14 %, Si of not more than 0 3 % Mn of 
0.40 to 0.70 %. Cr of 8 to 10 %. Ni of 0.4 to 0.7 %.V of 0.15 to 0.25 %.Nb of 0.04 to 0.08% Nof0 02to0 06% 
Mo Of 0.40 to 0.80 %. W of 1 .4 to 1 .9 %, B of 0.001 to 0.0025 %, O of not more than 0.01 5 % in weight percentages 
and the remainder of Fe and inevitable Impurities. 

12. A steam turbine casing made of a cast steel according to claim 9, which further contains at least one kind of Ta of 
not more than 0.15 % and Zr of not more than 0.1 %. 

1 3. A steam turbine casing made of a cast steel according to daim 9, wherein Cr equivalent calculated by the fbllowino 
equation is 4 to 10; 

Cr equivalent=Cr+6Si+4Mo+1.5W+11V+5Nb-40C-30N'30B -2Mn^Ni-2Ca 

14. A steam turbine casing made of a cast steel according to claim 9. wherein creep rupture strength under 625 «C for 
10 hours is not less than 9 kgf/mm^ and impact value at room temperature is not less than 3.2 kgf-m. 

15. A steam turbine casing manufactured by melting an alloy raw material having composition according to claim 9 
using an electric furnace, degassing by ladle refining, and casting a sand mokJ. 

16. A method of manufacturing a steam turbine casing according to claim 15, the method comprising the steps of 
annealing the cast body at 1 000 to 1 1 50 "C after said casting, performing normalizing treatment by heating at 1000 
to 1 100 •'C and rapidly cooling, and then tenpering twice at a temperature 550 to 750 •'C and at a temperature 670 
to 770 *»C. 

17. A steam turbine power plant having a high pressure steam tuibine. an intermediate pressure steam turbine and a 
low pressure steam turbine, wherein inlet steam temperature to the rotating blades in the first stages of said high 
pressure turbine and said intermediate pressure steam turbine is 610 to 660 *»C; inlet steam tenperature to the 
rotating blades in the first stage of said low pressure tuibine being 380 to 475 •C; rotor shafts, the rotating blades 
and fixed blades at least in the first stages exposed said inlet steam temperature, and inner casings of said high 
pressure turbine and saki intermediate pressure steam turbine being made of a high strength martensitic steel con- 
taining Cr of 8 to 1 3 weight %. othenwse said rotating blades being made of a combination of said martensitic steel 
and a Ni base alloy; said inner casings having a creep rupture strength at a temperature corresponding to said 
steam temperature for 10^ hours of not less than 9 kg/mm^ and an Impact value at room temperature of not less 
than 3.2 kg-m. 
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18. A steam turbine having a rotor shaft, rotating blades inplanted onto said rotor shaft, fixed blades for guiding steam 
flow to said rotating blades and an inner casing supporting said fixed blades, said steam flowing to the first stage 
of said rotating blades having a tennperature of 610 to 660 and a pressure of not lower than 250 kg/cm^ or 150 
to 200 kg/cm^, wherein said rotor shafts, the rotating blades and fixed blades at least in the first stages are made 

5 of a high strength martensitic steel having martensitic structure containing Cr of 9 to 13 weight %, said high 
strength martensitic steel having a creep rupture strength at a temperature corresponding to said steam tempera- 
ture for 10^ hours of not less than 15 kg/mr?, othenvise said rotating blades being made of a comtxnation of said 
martensitic steel and a Ni base alloy having a tensile strength at room tenperature being not less than 90 kg/mm^; 
said inner casing being made of a martensitic steel containing Cr of 8 to 12 weight % having a creep rupture 

io strength at a temperature corresponding to said steam temperature for 1 0^ hours of not less than 9 kg/him^ and an 
impact value at room temperature of not less than 3.2 kg-m. 

19. A steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed blades for guiding steam 
flow to said rotating blades and an inner casing supporting said fixed blades, wherein said rotor shaft and said fixed 

15 blades at least in the first stage are made of a high strength martensitic steel containing C of 0.05 to 0.20 %. Si of 
not more than 0.15 %. Mn of 0.03 to 1 .5 %. Cr of 9.5 to 13 %. Ni of 0.05 to 1 .0 %. V of 0.05 to 0.35 %. Nb of 0.01 
to 0.20 %. N of 0.01 to 0.06 %. Mo of 0.05 to 0.5 %, W of 1 .0 to 3.5 %, Co of 2 to 10 %, B of 0.0005 to 0.03 %. and 
having Fe of not less than 78 % in weight percentages; said rotating blades being made of a combination of said 
martensitic steel and a Ni base alloy containing G of 0.03 to 0.15 %. Si of not more tiian 0.3 %. Mn of not more than 

20 0.2 %. Cr of 12 to 20 %, Mo of 9 to 20 %. Al of 0.5 to 1 .5 %. Ti of 2 to 3 %. B of 0.003 to 0.015 % in weight percent- 
age: said inner casing being made of a high strength martensitic steel containing C of 0.06 to 0.1 6 %, Si of not more 
than 0.5 %, Mn of not more than 1 %, Ni of 0.2 to 1 .0 %. Cr of 8 to 12 %, V of 0.05 to 0.35 %. Nb of 0.01 to 0.15 %, 
N of 0.01 to 0.1 %. Mo of not more than 1 .5 %. W of 1 to 4 %, B of 0.0005 to 0.003 %, O of not more than 0.015 %. 
and having Fe of not less than 85 % in weight percentages. 

25 

20. A high pressure steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed blades for 
guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein the first stage 
of said rotating blades is of a double flow construction and more than seven stages of said rotating blades except 
for the first stage are provided in one side, said rotor shaft having a distance (L) between bearing centers of not 

30 less than 5000 mm and a minimum diameter (D) at portions having said fixed blades of not less than 600 mm, said 
(170) being 8.0 to 9.0. said rotating trades and said rotor shaft being made of a high sb-ength martensitic steel con- 
taining Cr of 9 to 13 weight %, othenvise said rotating blades being made of a combination of said martensitic steel 
and a Ni base alloy, said inner casing being made of a martensitic cast steel containing Cr of 8 to 1 2 weight % and 
having a creep rupture strength at a temperature corresponding to said steam temperature for 10^ hours of not less 

35 than 9 kg/mni^ and an impact value at room temperature of not less than 3.2 kg-m. 

21 . An intermediate pressure steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed 
blades for guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein 
more than six stages of said rotating blades are symmetrically provided in right hand side and left hand side and 

40 the first stages of said rotating blades are implanted in the middle portion of sakJ rotor shaft to form a double flow 
construction, said rotor shaft having a distance (L) between bearing centers of not less than 5000 mm and a mini- 
mum diameter (D) at portions having said fixed blades of not less tiian 600 mm, said (LTD) being 8.2 to 9.2, said 
rotating blades and said rotor shaft being made of a high sf ength martensitic steel containing Cr of 9 to 13 weight 
%, othenmse said rotating blades being made of a combination of said martensitic steel and a Ni base alloy, said 

45 inner casing being made of a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture 
strength at a temperature corresponding to said steam temperature for 10^ hours of not less than 9 kg/mm^ and an 
impact value at room temperature of not less than 3.2 kg-m. 

22. A steam turbine power plant having a high pressure turbine and an intermediate pressure turbine connected to two 
50 low pressure steam turbines connected to each other in tandem, wherein inlet steam temperature to the rotating 

blades in the first stages of said high pressure steam turbine and said intermediate pressure steam turbine is 610 
to 660 ^C; inlet steam temperature to the rotating blades in the first stage of said low pressure steam turbine being 
380 to 475 ""C; metal temperature of a portion of tiie rotor shaft implanting first stage rotating blades and said first 
stage rotating blades of said high pressure steam turbine being maintained so as to not become lower than a tem- 
55 perature of 40 ''C below tiie inlet steam temperature to the first stage rotating blades of said high pressure steam 
turbine; metal tenperature of a portion of the rotor shaft implanting first stage rotating blades and said first stage 
rotating blades of said intermediate pressure steam turbine being maintained so as to not t>ecome lower than a 
temperature of 75 ''C below the inlet steam temperature to the first stage rotating blades of said intermediate pres- 
sure steam turbine: tine rotor shafts and the rotating blades of said high pressure steam turbine and said interme- 



35 



EP0 767 250 A2 



diate pressure steam turbine being made of a martensitic steel containing Or of 9.5 to 13 weight %. otherwise the 
rotating blades in at least in the first stage of said high pressure steam turbine and said intermediate pressure 
steam turbine being made of a combination of a Ni base alloy and said martensitic steel; said inner casing being 
made of a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strength at a tem- 
5 perature corresponding to said steam temperature for 1 0^ hours of not less than 9 kg/mnf and an Impact value at 
room temperature of not less than 3.2 kg-m. 

23. A coal fired thermal power plant having a coal fired boiler, a steam turt)ine driven by the steam obtained by said 
boiler, at most two electric power generators having an output power not less than 1 000 MW by a single or two units 

10 driven by said steam turbine, wherein said steam turbine has a high pressure steam turbine, an intermediate pres- 
sure steam turbine and two low pressure steam turbines connected to said high pressure steam turbine; inlet steam 
temperature to the rotating blades in the first stages of said high pressure steam turbine and said Intermediate 
pressure steam turbine is 610 to 660 "C; inlet steam temperature to the rotating blades in the first stage of said low 
pressure steam turbines being 380 to 450 *C; steam heated to a temperature higher than said inlet steam temper- 
as ature to the first stage rotating blades of said high pressure steam turbine by 3 ''C using a super-heater of said 
tK>iler being allowed to flow into the first stage rotating blades of said high pressure steam turbine; inlet steam tem- 
perature heated to a terrperature higher than said inlet steam temperature to the first stage rotating blades of said 
intermediate pressure steam turbine by 2 "C by heating the steam flow out from said high pressure steam turbine 
using a re-heater of said boiler being allowed to flow into the first stage rotating blades of said intermediate pres- 
20 sure steam turbine; inlet steam tenperature healed to a temperature higher than said inlet steam temperature to 
the first stage rotating blades of said low pressure steam turbine by 3 ''C by heating the steam flow out from said 
Intermediate pressure steam turbine using a economizer of said boiler being allowed to flow into the first stage 
rotating blades of said low pressure steam turbine; the rotor shafts and the rotating blades of said high pressure 
steam turbine and said intermediate pressure steam turbine being made of a martensitic steel containing Cr of 9.5 
25 to 13 weight %, othenwise the rotating blades in at least in the first stage of said high pressure steam turbine and 
said intermediate pressure steam turbine being made of a combination of a Ni base alloy and said martensitic steel 
containing Cr of 9.5 to 13 weight %; said inner casing being made of a martensitic cast steel containing Cr of 8 to 
12 weight % and having a creep rupture strength at a temperature corresponding to said steam temperature for 10^ 
hours of not less than 9 kg/mm^ and an impact value at room temperature of not less than 3.2 kg-m. 

30 

24. A high pressure steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed blades for 
guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein said rotating 
blades are composed of more than seven stages and the blade lengths are from 35 mm in the upstream side to 210 
mm in the downstream side; a diameter of said rotor shaft in a portion implanting said rotating Wade being larger 

35 than a diameter in a portion con-esponding to said fixing blades; a width in the shaft direction of said implanting por- 
tion being larger in the downstream side than in the upstream side stepwise; ratio of the width to said blade length 
decreasing from 0.6 in the upstream side to 1 .0 in the downstream side; said rotating blades being made of a mar- 
tensitic steel containing Cr of 9.5 to 13 weight %, othenwise the rotating blades in at least in the first stage being 
made of a combination of a Ni base alloy and said martensitic steel containing Cr of 9.5 to 13 weight %; said inner 

40 casing being made of a martensitic cast steel containing Cr of 8 to 1 2 weight % and having a creep rupture strength 
at a temperature corresponding to said steam temperature for 10^ hours of not less than 9 kg/mnf and an impact 
value at room temperature of not less than 3.2 kg-m. 

25. A high pressure steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed blades for 
45 guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein said rotating 

blades are corrposed of more than seven stages and the blade lengths are from 35 mm in the upstream side to 21 0 
mm in the downstream side; ratio of said blade length in a stage to the blade length in the adjacent stage being less 
than 1 .2; said ratio gradually increasing as the stage approaches to the downstream side; said blade length in the 
downstream side being larger than that in the upstream side; said rotating blades being made of a martensitic steel 
so containing Cr of 9.5 to 13 weight %, othenwise the rotating blades in at least in the first stage being made of a com- 
bination of a Ni base alloy and said martensitic steel containing Cr of 9.5 to 13 weight %; said inner casing being 
made of a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strength at a tem- 
perature corresponding to said steam temperature for 10® hours of not less than 9 kg/mm^ and an impact value at 
room temperature of not less than 3.2 kg-m. 

55 

26. A high pressure steam turbine having a rotor shaft, rotating blades irrplanted onto said rotor shaft, fixed blades for 
guiding steam flow to said rotating brfades and an inner casing supporting said fixed blades, wherein said rotating 
blades are composed of more than seven stages and the blade lengths are from 35 mm in the upstream side to 21 0 
mm in the downstream side; a width in the shaft direction of said rotor shaft in a portion corresponding to said fixed 
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blade decreasing from the downstream side to the upstream side stepwise; ratio of a blade length of said rotating 
blade in a stage to a blade length of the adjacent stage in the downstream side being in a range of 0.65 to 1 .8, said 
ratio deaeasing stepwise as the stage approaches to the downstream side; said rotating blades being made of a 
martensitic steel containing Cr of 9.5 to 13 weight %, othenvise the rotating blades in at least in the first stage being 
made of a combination of a Ni base alloy and said martensitic steel containing Cr of 9.5 to 13 weight %; said inner 
casing being made of a martensitic cast steel containing Cr of 8 to 1 2 weight % and having a creep rupture strengtti 
at a temperature corresponding to said steam temperature for 1 0^ hours of not less than 9 kg/mm^ and an Impact 
value at room temperature of not less than 3.2 kg-m. 

27. An intermediate pressure steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed 
blades for guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein 
more than six stages of said rotating blades are symmetrically provided in right hand side and left hand side to form 
a double flow construction, blade lengths of said rotating blades are 100 mm in the upstream side to 300 mm in the 
downstream side; a diameter of said rotor shaft in a portion implanting said rotating blade being larger than a diam- 
eter in a portion conresponding to said fixing blades; a width in the shaft direction of said implanting portion being 
stepwise larger in the downstream side than in the upstream side; ratio of the widtii to said blade length decreasing 
from 0.45 in tiie upstream side to 0.75 in the downstream side; said rotating blades being made of a martensitic 
steel containing Cr of 9.5 to 13 weight %. otherwise tiie rotating blades in at least in the first stage being made of 
a combination of a Ni base alloy and said martensitic steel containing Cr of 9.5 to 13 weight %; said inner casing 
being made of a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strength at a 
temperature corresponding to said steam temperature for 1 0^ hours of not less than 9 kg/mm^ and an impact value 
at room temperature of not less than 3.2 kg-m. 

28. An intermediate pressure steam tuitine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed 
t>lades for guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein 
more than six stages of said rotating blades are symmetrically provided in right hand side and left hand side to form 
a double ftow construction, blade lengths of said rotating blades are 100 mm in the upstream side to 300 mm in the 
downstream side; ratio of said blade length in a stage to the blade lengtii in tiie adjacent stage being less ttian 1 .3; 
said ratio gradually increasing as the stage approaches to the downstream side; said blade length in the down- 
stream skJe being larger tiian that in the upstream side; said rotating blades being made of a martensitic steel con- 
taining Cr of 9.5 to 13 weight %, otherwise the rotating t>lades in at least in the first stage being made of a 
combination of a Ni base alloy and said martensitic steel containing Cr of 9.5 to 13 weight %; said inner casing 
being made of a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strengtii at a 
temperature con-esponding to said steam temperature for 10^ hours of not less than 9 kg/mm^ and an impact value 
at room temperature of not less than 3.2 kg-m. 

29. An intermediate pressure steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed 
blades for guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein 
more than six stages of said rotating blades are symmetrically provided in right hand side and left hand side to form 

40 a double f bw construction, blade lengths of said rotating blades are 100 mm in tiie upstream side to 300 mm in the 
down stream side; a width in the shaft direction of said rotor shaft in a portion con-esponding to said fixed blade 
decreasing from the downstream side to the upstream side stepwise; ratio of a blade length of said rotating blade 
in a stage to a blade length of the adjacent stage in tiie downstream side being in a range of 0.45 to 1 .60. said ratio 
decreasing stepwise as the stage approaches to the downstream side; said rotating blades being made of a mar- 

45 tensitic steel containing Cr of 9.5 to 13 weight %. othenivise tiie rotating blades in at least in the first stage being 
made of a combination of a Ni base alloy and saki martensitic steel containing Cr of 9.5 to 13 weight %; said inner 
casing being made of a martensitic cast steel containing Cr of 8 to 12 weight % and having a creep rupture strengtii 
at a temperature corresponding to said steam temperature for 10^ hours of not less tiian 9 kg/mm^ and an impact 
value at room temperature of not less tiian 3.2 kg-m. 

so 

30. A high pressure steam turbine having a rotor shaft, rotating blades inplanted onto sa\d rotor shaft, fixed blades for 
guiding steam flow to said rotating t>lades and an inner casing supporting said fixed blades, wherein said rotating 
blades are composed of more than seven stages; a diameter of said rotor shaft in a portion corresponding to said 
fixing blades being smaller tiian a diameter in a portion implanting said rotating blade; a wkith in the shaft direction 

55 of said portion conresponding to said fixing blades increasing stepwise by more than two steps in the downstream 
skie of said steam flow conpared witii a width in the upstream side; a distance between said rotating blades in the 
last stage and said rotating blades in the preceding stage being 0. 75 to 0.95 time of a distance between said rotat- 
ing blades in the second stage and said rotating blades in the third stage; a wkith in the shaft direction of sakJ 
implanting portion of said rotor shaft inaeasing stepwise by more than three steps in tiie downstream side com- 
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pared to a width in the upstream side; said width in the last stage being 1 to 2 time of said width in the shaft direction 
in the second stage; said rotating blades being made of a martensitic steel containing Cr of 9.5 to 1 3 weight %, oth- 
erwise the rotating blades in at least in the first stage being made of a combination of a Ni base alloy and said mar- 
tensitic steel containing Cr of 9.5 to 13 weight %; said inner casing being made of a martensitic cast steel 
containing Cr of 8 to 12 weight % and having a creep rupture strength at a temperature con-esponding to said 
steam temperature for 10^ hours of not less than 9 kg/mm^ and an impact value at room temperature of not less 
than 3.2 kg-m. 

31. An intermediate pressure steam turbine having a rotor shaft, rotating blades inplanted onto said rotor shaft, ilx&di 
blades for guiding steam flow to said rotating blades and an inner casing supporting said fixed blades, wherein said 
rotatirig blades are composed of more than six stages; a diameter of said rotor shaft In a portion corresponding to 
said fixing blades being smaller than a diameter in a portion implanting said rotating Wade; a width in the shaft 
direction of said portion corresponding to said fixing blades increasing stepwise by more than two steps in the 
dowvnstream side of said steam flow compared with a width in the upstream side; a distance between said rotating 
blades in the last stage and said rotating blades in tiie preceding stage being 0.6 to 0.8 time of a distance between 
said rotating blades in the first stage and said rotating blades in the second stage; a width in the shaft direction of 
said implanting portion of said rotor shaft increasing stepwise by more than two steps in tiie downstream side com- 
part to a widtti in the upstream side; said width in tiie last stage being 0.8 to 2 time of said width in the shaft direc- 
tion in the second stage; said rotating blades being made of a martensitic steel containing Cr of 9.5 to 13 weight 
%, othenwise the rotating blades in at least in the first stage being made of a combination of a Ni base alloy and 
said martensitic steel containing Cr of 9.5 to 13 weight %; said inner casing being made of a martensitic cast steel 
containing Cr of 8 to 12 weight % and having a creep rupture strengtii at a temperature corresponding to said 
steam temperature for 10^ hours of not less than 9 kg/mm^ and an impact value at room temperature of not less 
than 3.2 kg-m. 

32. A steam turbine having a rotor shaft, rotating blades implanted onto said rotor shaft, fixed blades for guiding steam 
flow to said rotating blades and an Inner casing supporting said fixed blades, said steam flowing to the first stage 
of said rotating blades having a temperature of 610 to 660 ^'C. wherein said rotor shaft and said inner casing are 
made of a martensitic steel containing Cr of 8 to 13 weight %; sakJ inner casing being made of a martensitic cast 
steel containing Cr of 8 to 1 2 weight % and having a creep rupture strengtii at a tenperature corresponding to said 
steam temperature for 10^ hours of not less than 9 kg/mm^ and an Impact value at room temperature of not less 
than 3.2 kg-m. 

33. A steam tijrbine according to daim 32, wherein said rotor shaft is made of a high strength martensitic steel having 
totally annealed martensitic structure containing Cr of 9 to 13 weight % and a creep rupture strength for 10^ hours 
of not less than 1 5 kg/mm^. 

34. A steam turbine according to claim 32. wherein at least one of said rotating blades in at least tfie first stage and 
said fixed blades In at least In the first stage is made of a martensitic steel containing Cr of 8 to 13 weight % having 
a creep rupture sti-ength at a tenperature corresponding to the temperature of the steam flowing into said rotating 
blades in ttie first stage for 1 0^ hours of not less than 15 kg/mm^ and a tensile strengtii at room temperature of not 
less than 90 kg/mm^. 

35. A steam turbine according to claim 32. wherein said rotating blades in at least the first stage is made of a Ni base 
precipitation hardening alloy having a tensile strength at room temperature of not less than 90 kg/mm^. 

36. A steam tuitine according to daim 32, wherein said rotor shaft is made of a high strength martensitic steel contain- 
ing C of 0.05 to 0.20 %. Si of not more tiian 0.15 %. Mn of 0.03 to 1 .5 %. Cr of 9.5 to 13 %, Ni of 0.05 to 1 .0 % V 
of 0.05 to 0.35 %. Nb of 0.01 to 0.20 %. N of 0.01 to 0.06 %, Mo of 0.05 to 0.5 %, W of 1 .0 to 3.5 %, Co of 2 to 10 
%. B of 0.0005 to 0.03 %. and having Fe of not less than 78 % in weight percentages; said inner casing being made 
of a high strengtti martensitic steel containing C of 0.06 to 0.16 %. Si of not more than 0.5 %. Mr\ of not more than 
1 %, Ni of 0.2 to 1 .0 %. Cr of 8 to 12 %, V of 0.05 to 0.35 %. Nb of 0.01 to 0.15 %. N of 0.01 to 0.1 %. Mo of not 
more than 1 .5 %. W of 1 to 4 %. B of 0.0005 to 0.003 %. O of not more than 0.015 %, and having Fe of not less 
than 85 % in weight percentages. 

37. A power plant according to claim 17. wherein said low pressure steam turbine has a rotor shaft, rotating blades 
implanted onto said rotor shaft, fixed blades for guiding steam flow to said rotating blades and an inner casing sup- 
porting said fixed blades, having more than eight stages of said rotating blades symmetrically in right hand side and 
left hand side, the first stages of said rotating blades being implanted in the middle portion of said rotor shaft to form 
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a double flow construction, said rotor shaft having a distance (L) between bearing centers of not less than 7000 mm 
and a minimum diameter (D) at portior^ having said fixed blades of not less than 1 150 mm, said (LTD) being 5.4 to 
6.3. said rotor shaft being made of a Ni-Cr-Mo-V low alloy steel containing Cr of 1 to 2.5 weight % and Ni of 3.0 to 
4.5 weight %, said rotating blades in the last stage having a length of not shorter than 40 inches and made of a Ti 
5 base alloy. 

38. A power plant according to claim 17, wherein said low pressure steam turbine has a rotor shaft, rotating blades 
implanted onto said rotor shaft, fixed blades for guiding steam flow to said rotating blades and an inner casing sup- 
porting said fixed blades, inlet temperature of the steam to said rotating blades in the first stage being 380 to 450 

10 <*C. said rotor shaft being made of a low alloy steel containing C of 0.2 to 0.3 %, Si of not more than 0.05 %. Mn of 
not more than 0.1 %. Ni of 3.0 to 4.5 %. Cr of 1 .25 to 2.25 %. Mo of 0.07 to 0.20 %. V of 0.07 to 0.2 %, and Fe of 
not less than 92.5 % In weight percentages. 

39. A power plant according to claim 17, wherein said low pressure steam turbine has a rotor shaft, rotating blades 
15 implanted onto said rotor shaft fixed blades for guiding steam flow to said rotating blades and an inner casing sup- 
porting said fixed blades, said rotating blades having more than eight stages symmetrically in right hand side and 
left hand side to form a double flow construction, blade lengths of said rotating blades increasing from 90 mm in the 
upstream side of said steam fbw to 1300 mm in the down stream side; a diameter of said rotor shaft in a portion 
implanting said rotating blade being larger than a diameter in a portion con-esponding to said fixing blades; a width 

20 in the shaft direction of said implanting portion being stepwise larger In the downstream side than in the upstream 
side; ratio of the width to said blade length deaeasing from 0. 1 5 in the upstream side to 1 .0 in the downstream side. 

40. A power plant according to claim 17, wherein said low pressure steam turbine has a rotor shaft, rotating blades 
implanted onto said rotor shaft, fixed blades for guiding steam flow to said rotating blades and an inner casing sup- 

25 porting said fixed blades, said rotating blades having more than eight stages symmetrically in right hand side and 
left hand side to form a double flow construction, blade lengths of said rotating blades increasing from 90 mm in the 
upstream side of said steam flow to 1300 mm in the down stream side; said blade length in a stage in the down- 
stream side being larger than that in the adjacent stage in the upstream side; the ratio of said blade length in a 
stage to the blade length in the adjacent stage being in the range of 1.2 to 1.7; said ratio gradually increasing as 

30 the stage approaches to the downstream side. 

41. A power plant according to claim 17, wherein said low pressure steam turbine has a rotor shaft, rotating blades 
implanted onto said rotor shaft, fixed blades for guiding steam flow to said rotating blades and an inner casing sup- 
porting said fixed blades, said rotating blades having more than eight stages symmetrically in right hand side and 

35 left hand side to fbnn a double flow construction, blade lengths of said rotating fcilades increasing from 90 mm in the 
upstream side of said steam flow to 1300 mm in the down stream side; a width in the shaft direction of said rotor 
shaft in a portion corresponding to said fixed blade decreasing from the downstream side to the upstream side 
stepwise; ratio of a blade length of said rotating blade in a stage to a blade length of the adjacent stage in the down- 
stream side being in a range of 0.2 to 1 .4. said ratio decreasing stepwise as the stage approaches to the down- 

40 stream side. 

42. A power plant according to claim 17, wherein said low pressure steam turbine has a rotor shaft, rotating blades 
implanted onto said rotor shaft, fixed blades for guiding steam flow to said rotating blades and an inner casing sup- 
porting said fixed blades, said rotating trfades having more than eight stages symmetrically in right hand side and 

45 left hand side to form a double flow construction, a diameter of said rotor shaft in a portion corresponding to said 
fixing blades being smaller than a diameter in a portion inplanting said rotating blade; a widtii in the shaft direction 
of said portion corresponding to said fixing blades increasing stepv^se by more than three steps in the downstream 
side of said steam flow compared with a width in the upsti'eam side; a width between said rotating blades in the last 
stage and said rotating blades in the preceding stage being 1.5 to 2.5 time of a distance between said rotating 

so blades in the first stage and said rotating blades in the second stage; a width in the shaft direction of said implanting 
portion of said rotor shaft increasing stepwise by more tiian three steps in the downstream side compared to a 
width in the upstream side; said width in the last stage being 2 to 3 time of said width in the shaft direction in the 
second stage. 

55 
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FIG. 8 
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FIG. 9 
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FIG. 12 
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FIG. 13(c) 
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